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Chapter 1 Introduction
Research question
+RZGRHVGUDZLQJSUDFWLFHDIIHFWSHUFHSWLRQ"
Research title
/HDUQLQJWRGUDZ$QDFWLYHSHUFHSWXDODSSURDFKWRREVHUYDWLRQDOGUDZLQJV\QFKURQLVLQJWKH
H\HDQGKDQGLQWLPHDQGVSDFH
'UDZLQJVRPHWKLQJLVDFRPSOH[DFWLRQLWLQYROYHVVXEMHFWDQGREMHFW
SHUFHSWLRQDQGUHSUHVHQWDWLRQH\HDQGPLQGDQGPRVWREYLRXVO\\HW
WRRRIWHQWKHQHJOHFWHGFRPSRQHQWVLQFULWLFDOGLVFXVVLRQKDQGDQGERG\
5RVDQGS
WKHGUDIWVPDQKLPVHOI NQRZVWKHZRUOGRQO\E\GUDZLQJLWWKHDUWLVW
´VHHVµZLWKKDQGVDVZHOODVH\HVERWKVHQVRU\H[WHQVRUVRI WKHERG\LQWKH
ZRUOG5RVDQGS
)LJ2EVHUYDWLRQDOGUDZLQJRI KDQGV5HÁHFWLYH
SUDFWLFHWRH[SORUHH\HDQGKDQGPRYHPHQWVGXULQJ
REVHUYDWLRQDOGUDZLQJ
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1.1 Introduction
Drawing as a constructive and transformative act
7KHUHVHDUFKTXHVWLRQDVNVKRZGUDZLQJSUDFWLFHDIIHFWVSHUFHSWLRQZLWKWKHDLPRI H[SORULQJ
KRZFKDQJHVLQWKHZD\ZHVHHWKHZRUOGFRPHDERXWDVDUHVXOWRI WKHDFWRI REVHUYDWLRQDO
GUDZLQJ&DQGUDZLQJKHOSWRGLVSHOYLVXDOLOOXVLRQVDQGHQDEOHXVWRVHHPRUHFOHDUO\"6HH
ÀJV	DQG&KDSWHU7KHTXHVWLRQWXUQVWKHSDUDGLJPRI SHUFHSWLRQWRDFWLRQRQ
LWVKHDGORRNLQJDWKRZSHUFHSWLRQVWHPVIURPDFWLRQ7KHVWXG\IRFXVHVRQPRYHPHQWVRI 
WKHERG\LQWLPHVSHFLÀFDOO\RI H\HDQGKDQGWRRIIHUDSK\VLFDOWHPSRUDOFKDUDFWHULVDWLRQ
RI WKHFUHDWLYHDQGG\QDPLFDFWRI REVHUYDWLRQDOGUDZLQJDQGWRVXJJHVWKRZWUHDGLQJSDWKV
EHWZHHQH\HPLQGDQGKDQGPD\GHYHORSQHZZD\VRI VHHLQJ
$UWKLVWRULDQ+HQUL)RFLOORQVSRNHRI WKHP\VWHULRXVSURFHVVIURPH\HWRKDQG
6XFKDQDOFKHP\GRHVQRWDVLVFRPPRQO\VXSSRVHGPHUHO\GHYHORSWKH
VWHUHRW\SHGIRUPRI DQLQQHUYLVLRQLWFRQVWUXFWVWKHYLVLRQLWVHOIJLYHV
LWERG\DQGHQODUJHVLWVSHUVSHFWLYHV7KHKDQGLVQRWWKHPLQG·VGRFLOH
VODYH,WVHDUFKHVDQGH[SHULPHQWVIRULWVPDVWHU·VEHQHÀWLWKDVDOOVRUWVRI 
DGYHQWXUHVLWWULHVLWVFKDQFH)RFLOORQS
7KHVWXG\VHHNVWRDUWLFXODWHWKLVVKLIWLQJSHUFHSWLRQE\VFUXWLQLVLQJWKHSDUWLFXODUUROHRI WKH
KDQGDQGKRZLWFRPPXQLFDWHVZLWKWKHH\H1RWDEO\DUWKLVWRULDQ5RVDQGXUJHVXVWR
DWWHQGWRWKHDUWLVW·VKDQGIRULQVLJKWLQWRFUHDWLYHSURFHVVHV,QDrawing Acts 5RVDQG
VFUXWLQLVHGWUDFHVOHIWE\WKHKDQGLQGUDZLQJVRI VHYHUDOIDPRXVDUWLVWVLQFOXGLQJ/HRQDUGR
DQG5HPEUDQGWLQWHUSUHWLQJWKHPDVUHFRUGVDQGLQGLFDWRUVRI DUWLVWV·SURFHVVHVDQGVWDWHVRI 
PLQG+HZULWHV
:KDWHYHUZHPD\WKLQNZHNQRZRI WKHPLQGRI DQDUWLVWOLNH5HPEUDQGW
RI KLV´LQQHUYLVLRQµZHFDQNQRZRQO\E\DWWHQGLQJWRWKHVWURNHRI KLV
SHQWKDWLVWRWKHUHFRUGHGPRYHPHQWVRI KLVKDQG5RVDQGS
+HUHIHUVWRWKHJHQHUDODVVXPSWLRQKHOGVLQFHWKH5HQDLVVDQFHWKDW
WKHREHGLHQWKDQGRI WKHDUWLVWJLYHVYLVLEOHIRUPWRDQLGHDFRQFHLYHGLQ
WKHPLQGLGHDFRQFHWWRSHQVpH²VXFKDEVWUDFWWHUPVKDYHEHHQFRQVWDQWV
LQWKHYRFDEXODU\RI FRPPHQWDU\RQGUDZLQJ5RVDQGS
:LWKLQWKLVSDUDGLJPGUDZLQJLVXQGHUVWRRGWREHFRQWUROOHGE\WKHEUDLQ+HQFHUHVHDUFKDQG
WKHRU\DFURVVVFLHQFHHGXFDWLRQDQGDUWDQGGHVLJQODUJHO\IRFXVHVRQFRJQWLYHSURFHVVHVDV
WKHNH\WRGUDZLQJ5RVDQGDUJXHV¶%XWGUDZLQJVDUHPDGHE\WKHKDQGDQGRXUREVHUYDWLRQV
DQGLQWHUSUHWDWLRQVPXVWRI QHFHVVLW\EHJLQZLWKWKHYLVLEOHPDUNVRQWKHSDSHU·5RVDQG
SDQGKHXUJHVXVWRDWWHQGWRWKHSURGXFWLRQRI GUDZLQJ
:HRZHLWWRRXURZQH[SHULHQFHWRWDNHWKHFUHDWLQJSURFHVVLWVHOI DV
VHULRXVO\DVWKHFUHDWHGZRUNLQGHHGDVDQLQWHJUDOGLPHQVLRQRI WKHZRUN
)LJ'UDZLQJRQWKHOLQHVKRZGRHVGUDZLQJRQWKHOLQHVDIIHFWWKHSHUFHSWLRQRI WKHOLQHOHQJWKV"
)LJ(\HKDQGWUDQVIRUPDWLRQKRZGRWKHH\H
DQGKDQGWUDQVIRUPDYLHZRI WKHZRUOGLQWRDG
GUDZLQJ"
/LQH$ /LQH%/LQH$
)LJ0XOOHU/\HU,OOXVLRQXVHGWRWHVWSHUFHSWLRQRI KRUL]RQWDOOHQJWKVRI OLQH$FRPSDUHGWROLQH%
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DVLPSRUWDQWZHRZHLWWRWKHGUDIWVPDQ5RVDQGS
0\UHVHDUFKIROORZVIURPWKLVRQWKHSULQFLSOHWKDWREVHUYDWLRQRI GUDZLQJWKHYHUERIIHUVD
QHZZLQGRZLQWRFUHDWLYHSURGXFWLRQDQGPRUHRYHUSHUFHSWLRQQRZPDGHSRVVLEOHE\YLGHR
DQGH\HWUDFNLQJWHFKQRORJ\,REVHUYHGKDQGPRYHPHQWVE\ÀOPLQJDQGDQDO\VLQJGUDZLQJLQ
SURJUHVVDQGH[SORUHGKRZWKH\V\QFKURQLVHZLWKH\HPRYHPHQWV
/LNHZLVHGUDZLQJSUDFWLWLRQHUDQGDFDGHPLF'HDQQD3HWKHUEULGJHFRQVLGHUVLWLPSRUWDQW
¶WRH[DPLQHWKHPDQQHULQZKLFKDQDUWLVWWUDLQVWKHKDQGLQFRRUGLQDWLRQZLWKWKHH\HDQG
LPDJLQDWLRQ·3HWKHUEULGJHS
2QWKHXQGHUVWDQGLQJWKDWSHUFHSWLRQLVFUHDWHGDQGFKDQJHGE\H[SHULHQFHDQGWKDWPHDQLQJ
DQGVHQVHDUHLQKHUHQWWRYLVLRQREVHUYDWLRQDOGUDZLQJRIIHUVWKHRSSRUWXQLW\WRDSSURDFKWKH
ZRUOGLQDQRYHOZD\DOORZLQJQHZPHDQLQJWRHPHUJH,QRWKHUZRUGVWKHUHLVQRLQQRFHQW
H\HEXWLQVWHDGDURYLQJ¶RWKHUZLVH·H\HDQGDQLQWHOOLJHQWKDQG7RWKLVHQGWKHGUDZLQJ
LQVWUXFWLRQGHYHORSHGKHUHFRQIURQWVWKHLVVXHRI FRQFHSWXDOELDVLQGUDZLQJKRZZKDW
\RXNQRZDIIHFWVZKDW\RXVHHIURPDQHZSRLQWRI YLHZE\IRFXVLQJRQPRYHPHQWDQG
FRRUGLQDWLRQUDWKHUWKDQRQPHQWDOVKLIWVDQGHIIRUWVWRLJQRUHPHDQLQJDQGSDVWH[SHULHQFH
7KHWKHVLVFKDOOHQJHVWKHSDUDGLJPWKDWZHGUDZIURPSHUFHSWLRQDUJXLQJWKDWZHSHUFHLYH
IURPGUDZLQJLHWKDWGUDZLQJFDQEHXVHGLQRUGHUWRSHUFHLYHUDWKHUWKDQGHSLFW7KH
TXHVWLRQRI KRZRXUSHUFHSWLRQDOWHUVGXHWRGUDZLQJKLQJHVRQKRZZHG\QDPLFDOO\LQWHUDFW
UDWKHUWKDQZKDWJRHVRQVROHO\LQRXUKHDGV$V1RsDUJXHV¶7KHFRQVFLRXVPLQGLVQRW
LQVLGHXVLWLVLWZRXOGEHEHWWHUWRVD\DNLQGRI DFWLYHDWWXQHPHQWWRWKHZRUOGDQDFKLHYHG
LQWHUJUDWLRQ·S
Accounting for my practical experience, and the science of  
drawing
7KHPRWLYDWLRQIRUWKHVWXG\VWHPPHGIURPDWHQVLRQ,IHOWDERXWKRZ,GUHZIURPOLIH$VD
FKLOG,HQMR\HGREVHUYDWLRQDOGUDZLQJDVDVROLWDU\DFWLYLW\ZKLFK,DSSURDFKHGLQWKHVDPHZD\
WKDW,DSSURDFKHGPDWKVDVDSUREOHPZLWKDVROXWLRQ7KLVHQWDLOHGPHDVXULQJGLPHQVLRQV
ZLWKP\WKXPEDQGSHQFLOIURPDQHJRFHQWULFVSDWLDOSHUVSHFWLYH0\PHWKRGIRFXVHGRQ
DFFXUDF\DQGPDGHYLVXDOHIIRUWVWRIRUJHWZKDW,NQHZRI REMHFWVWRSHUFHSWXDOO\ÁDWWHQWKH
GLPDJHWRDOOORZDFFXUDWHGGUDZLQJ$OWKRXJK,IRXQGSOHDVXUHLQGUDZLQJDFFXUDWHO\
DQGUHSUHVHQWLQJWKLQJVLQDUHFRJQLVDEOHZD\WKHUHZDVDQDFFRPSDQ\LQJVHQVHWKDW,ZDV
FUHDWLQJGLVWDQFHEHWZHHQP\VHOI DQGP\VXEMHFWVE\ÁDWWHQLQJWKHPLQWRGLPDJHVLQRUGHU
WRGUDZ7KLVIHOWOLNHDQHVFDSHUDWKHUWKDQDQHQJDJHPHQWZLWKOLIHDQGP\GREVHUYDWLRQDO
)LJ2EVHUYDWLRQDOGUDZLQJRI KDQG
)LJ7KLQNLQJGUDZLQJDERXWWKHKDQG
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GUDZLQJVRIWHQVHHPHGKROORZRI PHDQLQJ,IRXQGP\VHOI DVNLQJZK\,GUHZDODQGVFDSH
ZKHQWKHUHDOWKLQJVHHPHGPXFKPRUHVDWLVI\LQJWRORRNDWDQGH[SHULHQFH+HQFHDV,
GHYHORSHG,TXHVWLRQHGWKHSXUSRVHRI P\GUDZLQJSUDFWLFHDQGVRXJKWWRGHYHORSDPHWKRG
ZKHUHLQ,FRXOGVWUHQJWKHQP\FRQQHFWLRQZLWKWKHGZRUOGUDWKHUWKDQGLVWDQFHP\VHOI
7KHFKDOOHQJHZDVWRÀQGDZD\RI GUDZLQJZKHUH,FRXOGVWLOOGUDZSUHFLVHO\EXWPDLQWDLQ
DQGH[SORUHP\FRQQHFWLRQVZLWKREMHFWVDQGWKHZRUOG7KLVUHPDLQVDFKDOOHQJHDQGWKH
VXEMHFWRI WKHWKHVLV7KURXJKH[SORULQJGUDZLQJVFLHQWLÀFDOO\DQGH[SHULHQWLDOO\,GHYHORSHG
DPHWKRGWKDWHQJDJHVZLWKWKHVXUURXQGLQJZRUOGGHYHORSVDQLQWHQVHFRQYHUVDWLRQEHWZHHQ
H\HDQGKDQGDQGIXUWKHUPRUHUHÁHFWVRQWKHQDWXUHRI SHUFHSWLRQDQGDFWLRQSHUFHSWXDO
OHDUQLQJDQGKRZZHJURZ
0\ÀUVWVROXWLRQWRP\GLVWDQFLQJSUREOHPZDVWRGUDZIURPLPDJLQDWLRQ,QOLIHFODVVHV,
ZRXOGEHJLQWRGUDZIURPWKHPRGHODQGWKHQOHWWKHGUDZLQJUXQDZD\ZLWKLWVHOIQRORQJHU
DWWHQGLQJWRYLVXDODVSHFWVRI WKHPRGHO,WLVRQO\WKURXJKWKLVFXUUHQWSUDFWLFHOHGVWXG\WKDW
,KDYHGHYHORSHGDVDWLVIDFWRU\PHWKRGIRUREVHUYDWLRQDOGUDZLQJWKDWKDVFXWDZD\ZKDW,
ZDVWDXJKWDQGDOORZHGDQRYHUWO\SK\VLFDOSDUWLFLSDWLRQ
,ZRUNHGDVDQDUWLVWIURPRQFRPSOHWLRQRI D%$LQ6FXOSWXUH(GLQEXUJK&ROOHJHRI 
$UW7KURXJKP\SUDFWLFH,EHFDPHLQWHUHVWHGLQFRJQLWLYHSURFHVVHVRI GUDZLQJDQGKRZ
REVHUYDWLRQDOGUDZLQJLVWDXJKW'UDZLQJWHDFKHUVRIWHQRIIHUFRJQLWLYHH[SODQDWLRQVIRU
WHDFKLQJLQVWUXFWLRQVPRVWFRPPRQO\LQWKHYHLQRI ¶GUDZZKDW\RXVHHUDWKHUWKDQZKDW\RX
NQRZ·DQG¶GUDZWKHJDSVEHWZHHQREMHFWV·DOOIRXQGHGRQ¶LQQRFHQWH\H·WKHRULHV5XVNLQ
WKDWFRQWHQGWKDWZHFDQVHHEH\RQGRUXQGHURXUDFFXPXODWHGH[SHULHQFHWR
DFKLHYHDSXUHYLVLRQ,FRQGXFWHGP\'UDZLQJ0DVWHUV&DPEHUZHOO&ROOHJHRI $UWUHVHDUFK
SURMHFWRQWKHUHODWLRQVKLSEHWZHHQOHDUQLQJWRSOD\WKHSLDQRIURPDVFRUHDQGOHDUQLQJ
WRGUDZIURPOLIH,H[SORUHGWKHUROHRI PRWRUPHPRU\DQGWKHSRVVLELOLW\RI H[HFXWLQJD
GUDZLQJLQWKHVDPHZD\DVDPXVLFDOSHUIRUPDQFH7KLVHQWDLOHGPDNLQJGUDZLQJVRI D
VWLOOOLIH'XULQJWKLVWLPH,ZDVZRUNLQJLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFWDW&DPEHUZHOO
&ROOHJHOHGE\'U-RKQ7FKDOHQNR,FRQWLQXHGZRUNLQJWKHUHGXULQJP\ÀUVWWZR\HDUVRI 
3K'VWXG\H[SORULQJH\HDQGKDQGPRYHPHQWVDQGHQJDJLQJZLWKFXUUHQWVFLHQWLÀFVWXG\
RI GUDZLQJ$VDGUDZLQJSUDFWLWLRQHU,LGHQWLÀHGJDSVLQWKHVFLHQFHRI GUDZLQJ²PRVW
QRWDEO\WKHDEVHQFHRI FRQVLGHUDWLRQRI WKHUROHRI HUDVLQJDQGRI WULDODQGHUURUSURFHVVHV
LQGUDZLQJ,FRQVLGHUHGWKHVHWREHIXQGDPHQWDOWRWKHSURFHVV/HDUQLQJWRFRPSDUH\RXU
GUDZLQJZLWKWKHREMHFW\RXDUHREVHUYLQJLVDNH\SHUFHSWXDOVNLOOSUREDEO\WKHPRVW
VLJQLÀFDQWSHUFHSWXDOHOHPHQWRI WKHSURFHVV$VH[SODLQHGEHORZIRUWKHPRVWSDUWVFLHQFH
)LJ&RQFHSWXDOGUDZLQJDVNLQJKRZZHOHDUQWRORRNDWWKLQJV
)LJ&RQFHSWXDOGUDZLQJTXHVWLRQLQJWKHOLQHEHWZHHQSHUFHSWLRQDQGDFWLRQ
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ER[HVGUDZLQJZLWKRWKHUSHUFHSWLRQWRDFWLRQH\HWRKDQGVNLOOV7KLVKDVEHHQDSURGXFWLYH
DYHQXHRI UHVHDUFKVKLIWLQJWKHIRFXVIURPWKHLQQRFHQWH\HWRWKHUROHRI PRYHPHQW
+RZHYHUGUDZLQJLVDVSHFLDOFDVHLQWKDWLWLVUHÁHFWLYHZLWKWKHDFWLRQEHLQJLQWHJUDOWRWKH
SHUFHSWXDOSURFHVV,SURSRVHWKDWZHUHIUDPHGUDZLQJDVSHUFHSWLRQLQDFWLRQUDWKHUWKDQ
DVSHUFHSWLRQWRDFWLRQ,HVWDEOLVKWKLVFULWLTXHE\H[SODLQLQJDQHQDFWLYHYLHZZKLFKLVZHOO
GHYHORSHGLQWHUPVRI SHUFHSWLRQWKHRU\VHH0HUOHDX3RQW\1RsEXWQRWZLWK
UHJDUGWRGUDZLQJ
Looking beyond the eye
7KHGRPLQDQWSDUDGLJPRI ¶ORRNLQJ·DVWKHNH\WRREVHUYDWLRQDOGUDZLQJVNLOOGLGQRW
DGHTXDWHO\DFFRXQWIRUHLWKHUP\H[SHULHQFHRUIRUUHFHQWÀQGLQJVIURPFRJQLWLYHVFLHQFH
DERXWH\HDQGKDQGPRYHPHQWVRI GUDZLQJ&HUWDLQO\,KDGQRFRQVFLRXVDZDUHQHVVRI D
YLVXDOPHQWDOLPDJHZKHQ,GUHZIURPOLIH7KHSURFHVVVHHPHGPRUHRQHRI LQIRUPHG
WULDODQGHUURUORRNLQJDVVHVVLQJGUDZLQJUHDVVHVVLQJFRPSDULQJFRUUHFWLQJDQGVRRQ
,QÁXHQFHGE\WKLVSHUVRQDOH[SHULHQFHDQGE\ZRUNLQJLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFW
P\PHWKRGRORJLFDOVWDUWLQJSRLQWZDVWRREVHUYHPRYHPHQWVRI GUDZLQJRI WKHH\HVKDQG
DQGERG\+RZGRHVPRYHPHQWDFKLHYHWKHZD\RI ORRNLQJUHTXLUHGIRUGUDZLQJ"+RZWLHG
WRPRWRUDFWLYLW\LVWKHSRVVLELOLW\RI WKLVZD\RI ORRNLQJ"&RXOGDQ\RQHOHDUQWKLVZD\RI 
ORRNLQJZLWKRXWGUDZLQJ"'RWKHKDQGDQGH\H·VSDUWLFXODUSUDFWLFHVPRYHPHQWVDOORZWKLV
ZD\RI ORRNLQJ"
7KHQHZVFLHQFHRI GUDZLQJ7FKDOHQNRHWDOLQSUHVVSURSRVHVWKDWWKHH[HFXWLRQ
RI GUDZLQJLVIRXQGHGQRWRQYLVXDOPHPRU\EXWRQHQFRGLQJRI YLVXDOLQIRUPDWLRQLQWRD
PRWRUSODQIRUWKHKDQG,QRWKHUZRUGVZKDWWKHH\HVHHVLVWUDQVODWHGLQWRDQDFWLRQSODQ
IRUWKHKDQG:KLOHKROGLQJRQWRWKHUDGLFDOLGHDRI WKHUROHRI DPRWRUSODQ,TXHVWLRQHG
ZKHWKHUWKHVFLHQWLÀFPHWKRGXVHGZDVGLVWRUWLQJRXUYLHZRI DPRUHLQWHJUDWHGSURFHVV
'RHVVSOLWWLQJDFWLRQDQGSHUFHSWLRQLQWRH\HDQGKDQGEHKDYLRXUDQGXVLQJLQSXWRXWSXW
PRGHOVWHQGWRLJQRUHIHHGEDFNSURFHVVHVDVZHOODVWKHSRWHQWLDOSHUFHSWXDOUROHRI WKHKDQG
DQGERG\"$UHQRWWKHVHVHQVRULPRWRUSURFHVVHVWKHPHDQVE\ZKLFKZHSHUFHLYH",I VR
PRYHPHQWLVWKHPHDQVRI SHUFHSWLRQDVZHOODVWKHPHDQVRI H[HFXWLRQRI WKHWDVN7KURXJK
LQWHUGLVFLSOLQDU\VWXG\FRXOGGUDZLQJEHUHIUDPHGDVDQHQDFWLYHSHUFHSWXDOSURFHVV"7KLVVSOLW
YLHZKDVSHUPHDWHGWHDFKLQJSUDFWLFHDVZHOODVVFLHQWLÀFPHWKRGV
7KH&KDPEHU·VGHÀQLWLRQRI SHUFHSWLRQJLYHQEHORZDSWO\GHVFULEHVGUDZLQJLWVHOIDZD\RI 
RUJDQLVLQJDQGXQGHUVWDQGLQJRXUZRUOGDIRUPRI LQVLJKW7KLVSRVLWLRQLVFRQVLVWHQWZLWK
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WKDWRI FRJQLWLYHSV\FKRORJLVWVZKRDUHQRZTXHVWLRQLQJWKHORFDWLRQRI WKRXJKWDQGPLQG
DVVHUWLQJWKDWWKLQNLQJFDQRSHUDWHRXWVLGHRI WKHERG\RQIRUH[DPSOHDVKHHWRI SDSHUVHH
7YHUVN\	6XZD.LUVK2·5HJDQ
'HÀQLQJSHUFHSWLRQ
)RUWKHWKHVLV,EHJDQE\GHÀQLQJSHUFHSWLRQDFFRUGLQJWRWKH&KDPEHUVVW&HQWXU\
'LFWLRQDU\DV¶WKHSURFHVVZKHUHE\LQIRUPDWLRQDERXWRQH·VHQYLURQPHQWUHFHLYHGE\WKH
VHQVHVLVRUJDQL]HGDQGLQWHUSUHWHGVRWKDWLWEHFRPHVPHDQLQJIXO·5RELQVRQS
7RWKLVHQG,ZDVH[DPLQLQJFRQVFLRXVSHUFHSWLRQQRWSHUFHSWLRQWKDWZHDUHXQDZDUH
RIKHQFHSHUFHSWLRQZDVVHHQDVFORVHO\DOOLHGZLWKFRQVFLRXVQHVV,DLPHGWRFRQWULEXWH
NQRZOHGJHRI KRZH[SHULHQFHGGUDZHUVPD\XVHWKHWHPSRUDODQGVSDWLDOSURFHVVHVRI 
REVHUYDWLRQDOGUDZLQJWRPDNHPHDQLQJIURPVHQVRU\H[SHULHQFH$IRFXVRQDFFXUDF\
VWHPPHGIURPDQLQWHUHVWLQERGLO\VNLOODQGWKHFRPPXQLFDWLRQFKDQQHOEHWZHHQH\HDQG
KDQGDUHVRQDQFHDQGPLUURULQJUDWKHUWKDQWKHREMHFWLYHRI SURGXFLQJDUHDOLVWLFDFFXUDWH
GHSLFWLRQDÀQDOGUDZLQJ+HQFHWKHIRFXVZDVRQWKHYHUEUDWKHUWKDQWKHQRXQ¶GUDZLQJ·
'UDZLQJLVDQHVSHFLDOVNLOOZLWKWKHH\HEHLQJDVNHGWREHKDYHYHU\XQXVXDOO\VHWWLQJDUDQJH
RI FKDOOHQJHVIRUSHUFHSWLRQDQGDFWLRQ,ZDVLQWHUHVWHGLQWKHUHVHDUFKSRWHQWLDORI GUDZLQJ
WRVKHGOLJKWRQVXEMHFWVRI VWXG\DQGPDNHXQH[SHFWHGFRQQHFWLRQVLQFOXGLQJEHWZHHQ
SHUFHSWXDODQGH[SORUDWLYHSURFHVVHV1RsZULWHVWKDW
,WLVQRZFOHDUDVLWKDVQRWEHHQEHIRUHWKDWFRQVFLRXVQHVVOLNHDZRUNRI 
LPSURYLVDWLRQDOPXVLFLVDFKLHYHGLQDFWLRQE\XVWKDQNVWRRXUVLWXDWLRQLQ
DQGDFFHVVWRDZRUOGZHNQRZDURXQGXV1RsS
%\FRPSOHWLRQRI P\UHVHDUFKWKHSHUVSHFWLYHKDGVKLIWHGDZD\IURPSHUFHSWLRQDVVRPHWKLQJ
WKDWJRHVRQVROHO\LQWKHEUDLQDQLQWHUSUHWDWLRQRI VHQVRU\LQIRUPDWLRQWRSHUFHSWLRQ
DVDIRUPRI FRQVFLRXVQHVVHPHUJLQJIURPDFWLYHHQJDJHPHQWZLWKWKHZRUOG)URPWKLV
YLHZREVHUYDWLRQDOGUDZLQJLVDSHUFHSWXDOWRRODQGDQDWWLWXGHXVHGWRH[WHQGDQGGHHSHQ
HQJDJHPHQW/LNHZLVH1RsEHOLHYHVWKDWFRQVFLRXVQHVVVWHPVIURPRXULQWHUDFWLRQVZLWKWKH
ZRUOG+HZULWHVWKDW
ZHRXJKWWRWKLQNRI SHUFHLYLQJDVDQDFWLYLW\RI H[SORULQJWKH
HQYLURQPHQW,WLVQRWDSURFHVVZKHUHE\DSLFWXUHRI WKHZRUOGLVEXLOWXS
LQRXUEUDLQUDWKHULWLVWKHDFWLYLW\ZKHUHE\\RXDFKLHYHDFFHVVWRZKDWLV
DURXQG\RXE\PDNLQJXVHRI YDULRXVGLIIHUHQWVNLOOVRI PRYHPHQWRI 
XQGHUVWDQGLQJHWF1RsSS
/LNHZLVH&KHPHURKROGVWKDW¶,QGHHGSHUFHSWLRQLVDYDULHW\RI DFWLRQDQGDJRRGGHDO
RI DFWLRQLVGRQHLQWKHVHUYLFHRI SHUFHSWLRQ·&KHPHUR,WIROORZVWKDWIRUGHHSHU
XQGHUVWDQGLQJRI FRQVFLRXVSHUFHSWXDOSURFHVVHVZHVKRXOGEHORRNLQJRXWZDUGVDWG\QDPLFDO
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V\VWHPVWKDWZHDUHSDUWRIUDWKHUWKDQLQVLGHRXUKHDGV+HZULWHV¶UDWKHUZHQHHGWRORRN
WRWKHZD\VLQZKLFKHDFKRI XVDVDZKROHDQLPDOFDUULHVRQWKHSURFHVVHVRI OLYLQJLQDQG
ZLWKDQGLQUHVSRQVHWRWKHZRUOGDURXQGXV·1RsS
Questioning assumptions about mental imagery and memory 
7KHVWXG\WHDVHVDSDUWWKHSURFHVVRI GUDZLQJWRH[SRVHFRPPRQDVVXPSWLRQVDERXWYLVLRQ
WKDWPD\EHPLVOHDGLQJPRGHUQSV\FKRORJ\H[SHULPHQWVDUHGHVLJQHGDQGWHDFKLQJSODQV
GHYLVHGRQWKHEDVLVRI DVVXPSWLRQVDERXWWKHUROHRI YLVXDOPHPRU\LQGUDZLQJ+RZ
GRQHZÀQGLQJVDERXWWKHUROHRI PRWRUPHPRU\DQGVHQVRULPRWRUSODQVLPSDFWRQWKLV"
7FKDOHQNRDQG0LDOO7FKDOHQNRHWDOLQSUHVVK\SRWKHVLVHWKDWZKHQZHLQWHQGWRGUDZ
RXUEUDLQVHQFRGHZKDWZHVHHLQWRDPRWRUSODQUDWKHUWKDQLQWRDYLVXDOLPDJH
&KHPHURDUJXLQJIURPDQHPERGLHGSHUVSHFWLYHGHÀQHVSHUFHSWLRQDVDQXQGHUVWDQGLQJ
RI UHODWLRQVKLSVUDWKHUWKDQWKHSURGXFWLRQRI LQWHUQDOPHQWDOLPDJHVSURSRVLQJWKDWZH
WKLQNRI SHUFHSWLRQDV¶RI DIIRUGDQFHVRURSSRUWXQLWHVIRUEHKDYLRXU·UDWKHUWKDQRI 
REMHFWV&KHPHURS+HVXJJHVWVWKDWDQLPDOVPD\EHHPEHGGHGLQWKHZRUOGLQ
DSUDFWLFDONQRZLQJZD\WKDWHQWDLOVOHVVFRPSOH[LQWHUQDOPHQWDOSURFHVVLQJ¶7KHFRXSOLQJ
RI SHUFHSWLRQDQGDFWLRQDQGWKHDYDLODELOLW\RI LQIRUPDWLRQDERXWDIIRUGDQFHVDOORZDQLPDOV
WRJXLGHWKHLUEHKDYLRXUZLWKRXWUHVRUWLQJWRPHQWDOJ\PQDVWLFV·&KHPHURS$V
RXWOLQHGLQ&KDSWHU7FKDOHQNRGRHVQRWVLWXDWHKLPVHOI LQWKHUHVHDUFKÀHOGRI HPERGLHG
FRJQLWLRQEXWZKDWKHLVPDNLQJFOHDULVWKDWWKHH\HLVLQYROYHGLQFRPSOH[RQJRLQJUHÁH[LYH
FRPPXQLFDWLRQZLWKWKHUHVWRI WKHEUDLQDQGWKHERG\7KHFXUUHQWVWXG\H[WHQGHGDQG
WHVWHGWKLVUHVHDUFKGHYHORSLQJDQLQWHUGLVFLSOLQDU\PHWKRGIRUPLFURDQDO\VLVRI WKHGUDZLQJ
SURFHVVDQGSDUWLFXODUO\RI WKHSURFHVVRI OHDUQLQJWRGUDZ
0\TXDQWLWDWLYHVWXG\RI WKHH\HDQGKDQGPRYHPHQWVRI 'U%HWW\(GZDUGV·GUDZLQJ
VWXGHQWVREVHUYHGDVWKH\XQGHUWRRNGUDZLQJWUDLQLQJUHYHDOHGWKHGHYHORSPHQWRI D
GLVWLQFWLYHH\HKDQGLQWHUDFWLRQVHTXHQFHVLPLODUWR7FKDOHQNR·VVFLHQWLÀFPRGHORI H[SHUW
FRS\LQJEHKDYLRXU7FKDOHQNR7KHWHPSRUDOSURÀOHRI H\HDQGKDQGLQWHUDFWLRQ
HPHUJHGDVWKHPRVWLQWHUHVWLQJDVSHFWRI WKHVWXG\ZLWKÀQGLQJVVXJJHVWLQJDÀQHWXQLQJ
RI SKDVHVRI GUDZLQJDQGSDXVLQJDQGRI JD]HVEHWZHHQRULJLQDODQGSDSHU7KLVOHGWR
GHYHORSPHQWRI DPRGHOIRUH[SORUDWLRQLQWKHGUDZLQJVWXGLRGHWDLOHGLQ&KDSWHUVDQG
'UDZLQJLQVWUXFWLRQVZHUHFUHDWHGLQIRUPHGE\WKHVHTXHVWLRQVDQGÀQGLQJVDQGH[SORUHGLQ
GUDZLQJOHVVRQV0\GUDZLQJLQVWUXFWLRQRXWOLQHGLQPRUHGHWDLOLQ&KDSWHUHQWDLOVNHHSLQJ
WKHH\HRQWKHREMHFWZKLOHGUDZLQJZLWKPLQLPDOJODQFHVWRWKHSDSHUWKXVPDLQWDLQLQJDV
)LJ7KLQNLQJDERXWGUDZLQJLQWLPHDQGVSDFH2 H\HRQ2ULJLQDO3 H\HRQ3DSHU' 'UDZ1' 
1RW'UDZ'R 'UDZZKLOHH\HLVRQRULJLQDO'S 'UDZZKLOHH\HLQRQSDSHU1'R 1RW'UDZLQJZKLOH
H\HLVRQRULJLQDO1'S 1RW'UDZLQJZKLOHH\HLVRQSDSHU
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PXFKH\HFRQWDFWDVSRVVLEOHZLWKWKHREMHFWEHLQJGUDZQ7KLVLVDPRWRUEDVHGPHWKRGIRU
GUDZLQJSURSRVLQJWKDWWKHPRYLQJH\HFDQGUDZWKHOLQHUDWKHUWKDQYLVXDOO\FDSWXUHLW,Q
RWKHUZRUGVWKHGLVWLQFWLRQEHWZHHQWKHH\HDQGKDQGEHJLQVWRGLVVROYHWKHH\HFDQGUDZ
OLQHVDQGWKHKDQGFRQWULEXWHVWRYLVLRQ
7KHWKHVLVTXHVWLRQVWKHOLQHEHWZHHQSHUFHSWLRQDQGDFWLRQLQLWLDOO\RQWKHJURXQGVWKDWWKH
H\HLVFRQVWDQWO\PRYLQJLQRUGHUWRFDSWXUHLQIRUPDWLRQIRUSHUFHSWLRQDQGWKHQLQRUGHUWR
FRQVLGHUWKHSHUFHSWXDOUROHRI WKHKDQG(QDFWLYHSHUFHSWLRQWKHRU\DUJXHVWKDWSHUFHSWLRQ
LVLWVHOI DQDFW$OOSHUFHSWLRQHQWDLOVPRYHPHQWRI VRPHVRUWSHUFHSWLRQLVRXUQRWLFLQJDQG
UHJLVWHULQJRI FKDQJHVLQVHQVDWLRQ2EVHUYDWLRQDOGUDZLQJSUDFWLFHPDNHVWKLVSDUWLFXODUO\
FOHDUEHFDXVHWKHSURFHVVRI GUDZLQJGRHVPRUHWKDQH[WHUQDOLVHDQGUHÁHFWSHUFHSWXDO
SURFHVVHVLWFRQWDLQVSHUFHSWLRQ%\ZDWFKLQJWKH¶SOD\LQJRXW·RI GUDZLQJWKHSURFHVVZH
ZDWFKSHUFHSWLRQLQDFWLRQDVGLVWLQFWIURPSHUFHSWLRQWRDFWLRQ7KHH\HDQGKDQGMRLQWO\
FRQWULEXWHWRSHUFHSWLRQ(QDFWLYHSHUFHSWLRQWKHRU\VHH 1RsDFWLYHYLVLRQWKHRU\
VHH)LQGOD\DQG*LOFKULVWDQG5LFKDUG·V*UHJRU\·VPRGHORI YLVXDOSHUFHSWLRQDV
¶K\SRWKHWLFDO·VHH*UHJRU\SURYLGHDIUDPHZRUNIRUWKHVWXG\DQGGHYHORSPHQWRI D
PRGHORI REVHUYDWLRQDOGUDZLQJWKDWDFFRXQWVIRUSKHQRPHQRORJLFDOH[SHULHQFHRI GUDZLQJ
IRUWKHPRYHPHQWVRI GUDZLQJDQGWKHLUFRQWULEXWLRQWRSHUFHSWLRQ7KURXJKWKLVOLQHRI 
DUJXPHQWGUDZLQJFDQEHFRQFHLYHGDVDVSHFLDOIRUPRI SHUFHSWLRQZKLFKXVHVRXUVHQVHV
DQGWHVWVYLVXDOK\SRWKHVHVLQDSDUWLFXODUZD\&UXFLDOO\WKLVUHOLHVRQWKHWHVWLQJRI YLVLRQE\
ERWKWKHKDQGDQGWKHH\HXVLQJWULDODQGHUURUFRPSDULQJDQGPDWFKLQJDQGHUDVLQJDQG
DPHQGLQJOLQHV
,WZDVFOHDUWKDWWKHPRYHPHQWVRI GUDZLQJDUHNH\WRRXUXQGHUVWDQGLQJDQGWKDW,VKRXOG
SURJUHVVE\IRFXVLQJRQWKHVHREVHUYDEOHHOHPHQWVUDWKHUWKDQWRVSHFXODWHDERXW¶IRUJHWWLQJ·
¶LQQRFHQFH·RUDQ\RWKHUFRJQLWLYHVWUDWHJ\+RZPLJKWDQDZDUHQHVVRI WKHÀQHO\WXQHG
DQGWLPHGPRYHPHQWVRI GUDZLQJDIIHFWKRZZHSUDFWLVHDQGWHDFKREVHUYDWLRQDOGUDZLQJ"
0\SURMHFWZDVWRFKDUDFWHULVHWKHDFWLRQRI REVHUYDWLRQDOGUDZLQJWHPSRUDOO\DQGVSDWLDOO\
DQGWRWUDQVODWHQHZVFLHQWLÀFNQRZOHGJHRI WKHVHPRYHPHQWVLQWRGUDZLQJLQVWUXFWLRQV
0\WKHRUHWLFDOSUHPLVHZDVWKDWGUDZLQJUHTXLUHVDQH[WUDRUGLQDU\ZD\RI SHUFHLYLQJ²DQ
DVVXPSWLRQPDGHE\PDQ\EXWZLWKOLWWOHHPSLULFDOHYLGHQFH7KHPHWKRGRORJLFDOSUHPLVHZDV
WKDWREVHUYDWLRQRI WKHPRYHPHQWVLQYROYHGLQWKLVIRUPRI SHUFHSWLRQZRXOGVKHGOLJKWRQ
WKHSURFHVVDQGRIIHUQHZXQGHUVWDQGLQJRI REVHUYDWLRQDOGUDZLQJ
)LJ7KHWLPLQJRI GUDZLQJUHSUHVHQWHGXVLQJYLGHRHGLWLQJWLPHOLQHV' 'UDZ1' 1RW'UDZ'R 
'UDZZKLOHH\HLVRQRULJLQDO'S 'UDZZKLOHH\HLQRQSDSHU1'R 1RW'UDZLQJZKLOHH\HLVRQRULJLQDO
1'S 1RW'UDZLQJZKLOHH\HLVRQSDSHU
3DUWLFLSDQW$GD\
3DUWLFLSDQW$GD\
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The fourth dimension – timing of  drawing
5HJDUGLQJPRYHPHQWWKHNH\LVVXHVWKDWDURVHZHUH
 +RZGUDZLQJSOD\VRXWLQWLPH
 :KDWZHFDQOHDUQIURPWKHQHZVFLHQFHRI GUDZLQJPRYHPHQWV
 7KHQHHGWREUHDNDZD\IURPRXWPRGHGSDUDGLJPVRI GLVHPERGLHGDWHPSRUDOYLVXDO
 SHUFHSWLRQWKDWLQIRUPGUDZLQJSUDFWLFHDQGSHGDJRJ\
 7KHPHWKRGRORJLFDOTXHVWLRQRI KRZWRREVHUYHDQGUHÁHFWRQPRYHPHQWVRI  
 GUDZLQJ
 7KHSRVVLELOLW\RI DOWHUQDWLYHZD\VWRWHDFKGUDZLQJ
 7KHSRWHQWLDOXVHVRI GUDZLQJIRUGLVFRYHU\DQGUHVHDUFKDVGLVWLQFWIURP  
 UHSUHVHQWDWLRQ
 7KHTXHVWLRQRI WKHORFXVRI SHUFHSWLRQDQGZKHUHZHGUDZWKHOLQHEHWZHHQDFWLRQ
 DQGSHUFHSWLRQ
,QDQLQWHUYLHZZLWKWKHDXWKRUGUDZLQJSUDFWLWLRQHUDQGDFDGHPLF/XF\/\RQVVWDWHG¶,
WKLQNRI GUDZLQJDVWLPHEDVHG,QWHUHVWLQJO\LWLVQHYHUVHHQDVWLPHEDVHG7KHVHHYHQWV
DUHDOZD\VWLPHEDVHG·/\RQVPLQVV7KHVWXG\DLPHGWRJRVRPHZD\WRZDUGV
UHGUHVVLQJWKLVE\IRFXVLQJRQWKHWHPSRUDODVSHFWVRI GUDZLQJ
)ROORZLQJIURPREVHUYDWLRQVRI WHPSRUDODVSHFWVRI GUDZLQJWKHWKHVLVSURSRVHVWKDWGUDZLQJ
SHGDJRJ\WHDFKWKH¶GRLQJ·RI GUDZLQJWKHQXWVDQGEROWVRI SUDFWLFHUDWKHUWKDQWHDFKLQJ
FRJQLWLYHWULFNVWRVXEYHUWHYHU\GD\YLVLRQ%\WKLVPHWKRGRQHOHDUQVWRGUDZE\GUDZLQJ
QRWE\DVLI RIWHQDVVHUWHGE\OHDUQLQJWRORRN7RWKLVHQGDPLFURDQDO\VLVRI PRYHPHQWV
ZDVFDUULHGRXWDVDQHPSLULFDOTXDQWLWDWLYHVWXG\&KDSWHUZLWKWKHDLPRI UHYHDOLQJ
LQIRUPDWLRQDERXWPHFKDQLFVRI EHKDYLRXURI ORRNLQJDQGGUDZLQJ)ROORZLQJDUHYLHZRI 
FXUUHQWUHVHDUFKDQGFDUU\LQJRXWP\RZQTXDQWLWDWLYHVWXG\RI H\HDQGKDQGPRYHPHQWV
,DVNHGKRZQHZVFLHQWLÀFÀQGLQJVDERXWWKHPRYHPHQWVRI REVHUYDWLRQDOGUDZLQJPLJKW
LQÁXHQFHFRQWHPSRUDU\GUDZLQJSHGDJRJ\DQGSUDFWLFH:HFDQQRZ¶ORRNDWORRNLQJ·
LQQHZZD\VDEOHWRVFUXWLQLVHPLFURPRYHPHQWVLQVSDFHDQGWLPHZLWKYLGHRDQGH\H
WUDFNLQJWHFKQRORJ\:HFDQDOVRLQWHUURJDWHWKHLQWHUDFWLRQEHWZHHQH\HDQGKDQG6HYHUDO
SV\FKRORJLVWVDQGFRJQLWLYHVFLHQWLVWVKDYHUHFHQWO\FRQGXFWHGEHKDYLRXUDOVWXGLHVWRH[SORUH
WKHPRYHPHQWVRI GUDZLQJDQGWKHLUFRQWULEXWLRQWRSHUFHSWLRQ,XVHGWKHLUÀQGLQJVDVD
VSULQJERDUGIURPZKLFKWRDVNKRZZHOHDUQWKHVHPRYHPHQWVDQGKRZWKLVQHZNQRZOHGJH
PLJKWFRQWULEXWHWRGUDZLQJSHGDJRJ\UHVXOWLQJLQGHYHORSPHQWRI P\WHDFKLQJPHWKRGWKDW
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KLQJHVRQWKHLQWHJULW\DQGPRWRUPHPRU\RI WKHKXPDQERG\DQGWKHLPSRVVLELOLW\RI DQ
LQQRFHQWGLVHPERGLHGH\H
6FLHQWLVWVDQGWHDFKHUVRIWHQIRFXVRQWKHUROHRI ¶FRQFHSWXDOELDV·WKHGLVWRUWLQJLQÁXHQFH
RI ZKDW\RXNQRZRQZKDW\RXVHH7KHUHVHHPVWREHFRQVHQVXVWKDWWKHNH\WRDFFXUDWH
UHSUHVHQWDWLRQLVWRÀQGDZD\WR¶IRUJHW·ZKDW\RXNQRZ7KLVH[SOLFLWJRDOLVFHQWUDOWR
GUDZLQJSHGDJRJ\ZLWKYDULRXVVWUDWHJLHVRI ORRNLQJSRVLWHGDVPHDQVWRRYHUFRPHWKLVELDV
(GZDUGVXUJHVXVWRVLOHQFHWKH¶QDPLQJ·SDUWRI WKHEUDLQE\ORRNLQJIRUDEVWUDFW
UHODWLRQVKLSVZKLOH$OEHUWLVXJJHVWHGYLHZLQJWKHZRUOGWKURXJKDÁDWWHQLQJ
JULGDQG5XVNLQXUJHGXVWRVHHZLWKDQ¶LQQRFHQW·H\H5XVNLQ+RZHYHU
FRQWUDU\WRUHFHLYHGZLVGRP5XVNLQGLGQRWFRQVLGHUWKHH\HWRKROGWKHNH\WRGUDZLQJ2Q
DFORVHUHDGLQJ,IRXQGWKDWKHHPSKDVLVHGWKHUROHRI WKHSHQFLODQGSUDFWLFHLQ¶VKDUSHQLQJ·
SHUFHSWLRQ6LPLODUO\DUWLVW%ULGJHW5LOH\LVDZDUHRI WKHFRQWULEXWLRQRI WKHKDQGVHQVLQJWKDW
KHUSHQFLOFRQWULEXWHVWRYLVXDOSHUFHSWLRQ6KHZULWHV
,WLVDVWKRXJKWKHUHLVDQH\HDWWKHHQGRI P\SHQFLOZKLFKWULHV
LQGHSHQGHQWO\RI P\SHUVRQDOJHQHUDOSXUSRVHH\HWRSHQHWUDWHDNLQGRI 
REVFXULQJYHLORUWKLFNQHVV5LOH\S
Contemporary art practice
7KHUHODWLRQVKLSRI REVHUYDWLRQDOGUDZLQJWRSHUIRUPDWLYHGUDZLQJZLWKLQFRQWHPSRUDU\
GUDZLQJSUDFWLFHLVRI LQWHUHVW0\PRWRUPHWKRGVLWVVRPHZKHUHLQEHWZHHQIRFXVLQJ
RQSURFHVVUDWKHUWKDQIRUPDQGRQGHYHORSPHQWWKURXJKPRYHPHQWDQGDFWLRQ7KH
KLVWRULFDOUHYLHZRI JHVWXUDOGUDZLQJFRQGXFWHGE\)RiLQKHU3K'WKHVLVRIIHUHG
FRQWH[WIRUPHWRVLWXDWHP\SURSRVHGPHWKRGDVDSHUIRUPDWLYHHQDFWLYHSUDFWLFHGHVSLWH
WKHFRPSDUDWLYHO\DWWHQXDWHGPRYHPHQWDQGKHQFHDUJXDEO\GLVHPERGLHGFKDUDFWHURI WKH
SUDFWLFH2EVHUYDWLRQDOGUDZLQJUDLVHVLQWHUHVWLQJTXHVWLRQVDERXWWKHVSHHGRI GUDZLQJ
DQGKRZDVORZGHWDLOIRFXVHGZD\RI ORRNLQJPD\FRQWULEXWHWRSHUFHSWLRQ7KHRU\RI 
JHVWXUDOGUDZLQJWHQGVWRIRFXVRQIDVWJHVWXUHVWKDWFDSWXUHHOXVLYHTXDOLWLHVRI ERGLHVDQG
REMHFWVRQWKHEHOLHI WKDWWKLVVRPHKRZWDSVLQWRKLGGHQNQRZOHGJHRI WKHSUDFWLWLRQHU
7KLVFHQWUHVRQSV\FKRDQDO\WLFDOWKHRU\RI WKHVXEFRQVFLRXVDQGZKDWGUDZLQJPLJKW
UHYHDODERXWWKHLQGLYLGXDO3HWKHUEULGJHUHIHUVWRWKHVHDVSHFWVDV¶WKHSV\FKRG\QDPLFV
RI OLQHVDQGJHVWXUDOPDUNPDNLQJ·3HWKHUEULGJHS)RiDUJXHVWKDWLPDJLQDWLRQ
DQGFUHDWLYLW\DUHIRXQGLQPRYHPHQWDQGFRQYHUVHO\WKDWVWLOOQHVVFDQVWLÁHLPDJLQDWLRQ
6KHVHWVDFKDOOHQJHIRUREVHUYDWLRQDOGUDZLQJZKHQVKHVWDWHVWKDW¶7KHWUDGLWLRQDOPDUN
PDNLQJRQWRSDSHUZDVIRXQGWRNHHSDGLVWDQFHEHWZHHQWKHSUDFWLWLRQHUREVHUYHUDQGWKH
)LJ7KUHDGVRI WKHDUJXPHQW
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VXEMHFWWKHHQYLURQPHQW·)Ri DEVWUDFW,QWHUHVWLQJO\WKLVHFKRHGP\RZQH[SHULHQFH
RI REVHUYDWLRQDOGUDZLQJDQGZDVWKHPRWLYDWLRQIRUP\VHDUFKIRUDOWHUQDWLYHZD\VWR
GUDZ:KLOH)RiH[SORUHGDGHHSHUHQJDJHPHQWWKURXJKSHUIRUPDQFHGUDZLQJDQGJHVWXUDO
PRYHPHQW,FKRVHWRUHPDLQLQWKHDUHQDRI REVHUYDWLRQDOGUDZLQJDLPLQJWRVKRZWKDW
LWFDQEHHPERGLHGDQGHQJDJHGDQGLQDZD\WKDWVKHGVOLJKWRQSHUFHSWLRQLQDFWLRQ)Ri
EHOLHYHVWKDW¶PDUNGUDZLQJ·LVDWUDQVODWLRQDOSURFHVVLQZKLFK¶DQLGHDLQWKHPLQG·VH\HRUWKH
SHUFHLYHGH\HGLUHFWVWKHKDQGWRPLPLFWKDWLGHDLQPDUNVRQWRDVXUIDFH·)RiS7KLV
HFKRHVWKHFRQYHQWLRQDOYLHZWKDW,ZDVFKDOOHQJLQJZKHUHLQWKHKDQGSHUIRUPVWKHH\H·VLGHD
DQGWKHH\HOHDGVWKHKDQG6KHFDOOVLWDUHSHDW¶7KHKDQGHQGHDYRXUVWRUHSHDWWKHLGHDLQWKH
PLQGDVPDUNVRQDVXUIDFHLQWKHZRUOGDQGLQWKLVZD\GUDZLQJLVDSHUIRUPDWLYHSURFHVV·
)RiS)URPP\SHUVSHFWLYHGUDZLQJGRHVQRWUHSHDW,WFUHDWHVDQRULJLQDOHYHQW
ZLWKWKHGUDZQOLQHEHLQJERWKDQHZLGHDDQGDTXHVWLRQ
.OHHEHOLHYHGWKDW¶$UWGRHVQRWUHSURGXFHWKHYLVLEOHEXWPDNHVYLVLEOH·.OHHS
7KHWKHVLVDUJXHVWKDWKLVLGHDDSSOLHVWRREVHUYDWLRQDOGUDZLQJDVZHOODVWRGUDZLQJIURP
LPDJLQDWLRQ'UDZLQJFUHDWHVYLVLRQZKHWKHUIURPDQLQWHUQDOLGHDRUPHQWDOLPDJHRUIURP
DQH[WHUQDOREMHFWRUVFHQHUDWKHUWKDQUHYHDOVVRPHWKLQJWKDWLVDOUHDG\WKHUH,QJROGZULWHV
RI GUDZLQJ
,WGRHVQRWLQRWKHUZRUGVVHHNWRUHSOLFDWHÀQLVKHGIRUPVWKDWDUHDOUHDG\
VHWWOHGZKHWKHUDVLPDJHVLQWKHPLQGRUDVREMHFWVLQWKHZRUOG,WVHHNV
UDWKHUWRMRLQZLWKWKRVHYHU\IRUFHVWKDWEULQJIRUPLQWREHLQJ7KXVWKH
OLQHJURZVIURPDSRLQWWKDWKDVEHHQVHWLQPRWLRQDVWKHSODQWJURZV
IURPLWVVHHG,QJROGS
Drawing for research
7KHVWXG\VHWXSDUHFXUVLYHH[DPLQDWLRQRI VFLHQWLÀFDQGH[SHULHQWLDOÀQGLQJVWDNLQJ
VFLHQWLÀFÀQGLQJVIURPWKHODELQWRWKHGUDZLQJVWXGLRIRUVFUXWLQ\DQGH[DPLQLQJLQVLJKWV
RI VWXGHQWVWHDFKHUVDQGDUWLVWVLQWKHVFLHQFHODE7KURXJKWKHPHWKRGDQGSUDFWLFHRI 
WKHUHVHDUFKDVLJQLÀFDQWFRQQHFWLRQZDVPDGHEHWZHHQWKHUHVHDUFKSURFHVVDQGWKH
REVHUYDWLRQDOGUDZLQJSURFHVVLWVHOIERWKUHTXLUHGHSWKRI XQGHUVWDQGLQJRI WKHREMHFWWKH
UHVHDUFKREMHFWDQGWKHREMHFWWREHGUDZQDVZHOODVVWUDWHJLHVIRUDWWHQWLRQDQGDUWLFXODWLRQ
RI WKHZKROHDQGSDUWV:KLOHLWPD\VHHPWKDWREVHUYDWLRQDOGUDZLQJEDVHGRQPRYHPHQW
DQGPRUHDNLQWRJHVWXUDOGUDZLQJPD\EHOHVV¶NQRZOHGJHSURGXFLQJ·WKHVWXG\ÀQDOO\
SURSRVHVWKDWDQHQDFWLYHREVHUYDWLRQDOGUDZLQJPHWKRGFRQWDLQVSRWHQWLDOIRUGLVFRYHU\DQG
SURGXFWLRQRI QHZNQRZOHGJHDVLWPRYHVDZD\IURPGHSLFWLRQWRZDUGVH[SORUDWLRQDQG
UHVHDUFK7KHFKDUDFWHULVDWLRQLVRI WKHH\HDQGKDQGDVLQYHVWLJDWLYHRSHQWRWKHQHZUDWKHU
WKDQWU\LQJWRUHSUHVHQWDQH[LVWLQJLPDJH
)LJ$UJXPHQWWKUHDGDERXWKRZGUDZLQJVFLHQFHFDQEHDSSOLHGWRGUDZLQJSHGDJRJ\
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1.2 Aims of  the study
7KHVWXG\DLPHGWRGHYHORSQHZREVHUYDWLRQDOGUDZLQJSUDFWLFHVLQIRUPHGE\UHFHQWÀQGLQJV
LQFRJQLWLYHVFLHQFHDQGWRRIIHUDSK\VLFVRI GUDZLQJEDVHGRQSHGDJRJLFEHKDYLRXUDODQG
SHUFHSWXDOWKHRU\
,VHWRXWWR
&KDUDFWHULVHREVHUYDWLRQDOGUDZLQJLQWHUPVRI PRYHPHQWDQGSHUFHSWXDO
SURFHVVHV
([SORUHKRZZHOHDUQWRGUDZDQGWKHPRYHIURPQRYLFHWRH[SHUWDQG
ZKDWWKLVPD\UHYHDODERXWWKHSHUFHSWXDOSURFHVVHVRI GUDZLQJ
([SORUHWKHUHODWLRQVKLSEHWZHHQGUDZLQJLQVWUXFWLRQVDQGUHFHQW
VFLHQWLÀFÀQGLQJV
'HYHORSLQWHUGLVFLSOLQDU\PHWKRGVXVLQJGUDZLQJIRUUHVHDUFK
,QRUGHUWRGRWKLVDFRPSUHKHQVLYHUHYLHZRI FXUUHQWUHVHDUFKHVWDEOLVKHGSURYLVLRQDOSURÀOHV
RI EHKDYLRXURI ¶QRYLFH·DQG¶H[SHUW·GUDZHUVDQGOHGWRWKHGHYHORSPHQWRI DPRGHORI WKH
GUDZLQJSURFHVVWKDWFRXOGEHH[SORUHGHPSLULFDOO\,QSDUDOOHOZLWKTXDQWLWDWLYHFDVHVWXGLHV
,H[SORUHGQHZZD\VRI GUDZLQJDQGWHDFKLQJ&RXOGDGHHSHUHQJDJHPHQWZLWKVFLHQWLÀF
UHVHDUFKRI GUDZLQJLQIRUPP\SUDFWLFHDQGWHDFKLQJRI GUDZLQJ"0\GUDZLQJSUDFWLFH
H[SORUHGZD\VWRDSSO\VFLHQWLÀFWKHRULHVRI YLVXDOSHUFHSWLRQDQGPRYHPHQWWRSUDFWLFHDQG
WHDFKLQJ
:KLOHREVHUYDWLRQDOGUDZLQJZDVWKHUHVHDUFKVXEMHFW,DOVRDLPHGWRXVHDQGH[SORUHGUDZLQJ
DVDUHVHDUFKPHWKRGRORJ\7KHVWXG\UHVXOWHGLQWKHGHYHORSPHQWRI DQHZGUDZLQJPHWKRG
ZLWKUHOHYDQFH
IRUWKHWHDFKLQJDQGSUDFWLFHRI REVHUYDWLRQDOGUDZLQJ
DVDUHVHDUFKWRRODFURVVGLVFLSOLQHV
DVDQHZVXEMHFWIRUVFLHQWLÀFUHVHDUFK
1.3 Contribution of  thesis
,QVXPPDU\WKHFRQWULEXWLRQVRI WKHWKHVLVDUH
7KHGHYHORSPHQWRI DGUDZLQJPHWKRGEDVHGRQUHFHQWVFLHQWLÀFÀQGLQJVP\TXDQWLWDWLYH
ÀQGLQJVDQGUHÁHFWLYHSUDFWLFHVHH&KDSWHU
7KHGHYHORSPHQWRI GUDZLQJUHVHDUFKSUDFWLFH
$SURSRVLWLRQDERXWWKHSHUFHSWXDOUROHRI WKHKDQGLQGUDZLQJ
0\TXDQWLWDWLYHÀQGLQJVUHODWLQJWRWKHPRYHIURPQRYLFHWRZDUGVH[SHUWGUDZHUVKRZ
WKDWSHRSOHFDQOHDUQWRGUDZ7KLVLVDQRQWULYLDOPDWWHULQVFLHQFHDVWRGDWHQRORQJLWXGLQDO
)LJ3URJUHVVLRQRI WKHWKHVLV
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VWXGLHVKDYHEHHQPDGHRI WKHPRYHIURPQRYLFHWRH[SHUWGUDZHUPHDQLQJWKDWHYLGHQFH
RI WKHPRYHFDQRQO\EHH[WUDSRODWHGIURPGDWDIURP¶EHWZHHQSDUWLFLSDQW·VWXGLHVDQGIURP
H[SHULHQWLDODFFRXQWV0\TXDQWLWDWLYHVWXG\RI FKDQJHVLQH\HDQGKDQGPRYHPHQWVZLWKLQ
SDUWLFLSDQWÀWWHGZLWK7FKDOHQNR·VPRGHOVRI QRYLFHDQGH[SHUWGUDZLQJEHKDYLRXUVHH
&KDSWHU
'HYHORSPHQWRI LQWHUGLVFLSOLQDU\PHWKRGXVLQJVFLHQFHDQGGUDZLQJWRH[SORUHDVXEMHFW
VHH&KDSWHUVDQGDQGWREHJLQDGLDORJXHEHWZHHQVFLHQFHDQGGUDZLQJDERXWSHUFHSWLRQ
DQGUROHVRI WKHH\HDQGKDQG
,VHWP\VHOI DFKDOOHQJHDVDYLVXDODUWLVWWRWU\WRGHYHORSDQLQWHUGLVFLSOLQDU\PHWKRGWKDW
ZRXOGRIIHUDQDOWHUQDWLYHDSSURDFKWRWKHVWXG\RI GUDZLQJDQGKRSHIXOO\PDQDJHWRUHODWH
LGHDVDFURVVÀHOGVLQLQWHUHVWLQJZD\VZKLFKPLJKWOHDGLQWKHZRUGVRI VRPDQ\GUDZLQJ
SUDFWLWLRQHUVDQGFRPPHQWDWRUVWRDZD\RI ¶VHHLQJWKLQJVGLIIHUHQWO\·+HQFHWKHUHVHDUFK
SURMHFWEHFDPHLWVHOI DGUDZLQJSURFHVV+RZHYHUWKHFKDOOHQJHZDVIDUJUHDWHUWKDQ,
H[SHFWHGZLWKWKHSURFHVVEHLQJVRDOLHQWRP\SUDFWLFHZKHUHLQ,PDNHDUWZRUNVDQG
GUDZLQJVWKDWUHPDLQFRQWLQJHQWDQGRSHQHQGHGDVNLQJTXHVWLRQVUDWKHUWKDQDQVZHULQJ
,QPDQ\ZD\VKDYLQJWRPDNHGHÀQLWLYHVWDWHPHQWVZDVDQDWKHPDWRPHDQGKDVEHHQDQ
LPPHQVHEDWWOH(YHQWU\LQJWRPDNHGUDZLQJVWKDWFRPPXQLFDWHH[SOLFLWLQIRUPDWLRQKDV
EHHQGLIÀFXOW+RZHYHUUHDOLVLQJWKDWP\GUDZLQJVZHUHSULPDULO\IRUGLVFRYHU\DQGUHVHDUFK
ZDVDQLPSRUWDQWVWHSLQWKHVWXG\HQDEOLQJPHWREHJLQWRXVHGUDZLQJDVWKHPHWKRGRORJ\
UDWKHUWKDQWKHUHVHDUFKVXEMHFW7KHSURFHVVKDVUDLVHGPDQ\TXHVWLRQVDERXWKRZZH
RUJDQLVHWKRXJKWFRQGXFWUHVHDUFKDQGFRRUGLQDWHDFWLYLW\WRZDUGVDJRDO,UHPLQGP\VHOI 
WKDWDQ¶HVVD\·LVDQDWWHPSWDWU\LQJIURPWKH)UHQFK¶HVVD\HU·:K\,GUDZLVSUREDEO\
EHFDXVHRUJDQLVLQJWKRXJKWLQDOLQHDUQDUUDWLYHLVFORVHWRLPSRVVLEOHIRUPH7KHUHIRUHWKLV
WKHVLVLVDFKDOOHQJHDQGUHSUHVHQWVP\DWWHPSWWRRUJDQLVHDQGWRFRPPXQLFDWHVHYHQ\HDUV
RI H[SORUDWLRQRI SHUFHSWLRQXVLQJGUDZLQJDVWKHSULPDU\WRRO,SUREDEO\ZHQWWRRZLGH
DQGQRWGHHSHQRXJKVRLWLVGLVVDWLVI\LQJLQWHUPVRI NQRZOHGJHDQGDQDO\VLVDQGZKDWVHHPV
WREHDVKDOORZSLFWXUH:LWKKLQGVLJKW,FDQVHHWKDWWKLVZDVLQHYLWDEOHFRQVLGHULQJWKHUDQJH
RI GLVFLSOLQHV,ZDVWU\LQJWRJUDVSDQGLQWHUUHODWH+RZHYHUWKHKRSHLVWKDW,KDYHPDQDJHG
WRDUWLFXODWHVRPHWKLQJRI WKHQDWXUHRI REVHUYDWLRQDOGUDZLQJDQGLWVSRZHUDQGSRWHQWLDO
IRUSHUFHSWLRQDQGWKRXJKW7KHWKHVLVHYLGHQFHVP\VWUXJJOHWRDUWLFXODWHDFRPSOH[PL[RI 
NQRZOHGJHUDQJLQJIURPTXDQWLWDWLYHÀQGLQJVDERXWH\HDQGKDQGPRYHPHQWVWRUHÁHFWLRQV
RQGUDZLQJDVDUHVHDUFKPHWKRG,WFDQEHVHHQDVDQDWWHPSWE\DYLVXDODUWLVWWRGUDZWKLQJV
)LJ6WUXFWXUHRI WKHWKHVLVWKHWZRSDUWV
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WRJHWKHULQDQXQXVXDOZD\,QGHHGWKLVLVRQHRI WKHUROHVRI SUDFWLFHEDVHG3K'VWRH[SORUH
QHZJURXQGDQGHPERGLHGWKRXJKWLQFOXGLQJKRZZHGHÀQHUHVHDUFKDQGNQRZOHGJH
1.4 Structure of  thesis
7KHWKHVLVEHJLQVE\HVWDEOLVKLQJH[LVWLQJVFLHQWLÀFDQGSHGDJRJLFPRGHOVWKHQRXWOLQLQJKRZ
WKH\ZHUHWHVWHGHPSLULFDOO\DQGLQUHÁHFWLYHSUDFWLFHLQWKLVVWXG\DQGÀQDOO\SURSRVLQJD
UHIUDPLQJRI WKHREVHUYDWLRQDOGUDZLQJSURFHVVLQWKHIRUPRI DQHQDFWLYHSHGDJRJLFPHWKRG
3DUWWKHÀUVWIRXUFKDSWHUVUHSUHVHQWWKHÀUVWVWDJHVRI UHVHDUFKFROOHFWLQJHPSLULFDOGDWD
UHYLHZLQJUHVHDUFKDQGGHFLGLQJRQDIUDPHZRUNIRUIXUWKHUVWXG\7KLVOHDGVWR3DUWZKHUH
DPRUHFRPSUHKHQVLYHPRGHOLVVRXJKWDQGWKHRULHVDQGSUDFWLFHVDUHOLQNHG
Part 1
&KDSWHU,QWURGXFWLRQRXWOLQHVWKHVWUXFWXUHRI WKHWKHVLVDQGKRZWKHTXHVWLRQVUDLVHGDUH
FRQIURQWHG,WLQWURGXFHVWKHWKUHDGVRI DUJXPHQWWKHPHWKRGRORJ\DQGWKHFRQWULEXWLRQVRI 
WKHWKHVLV
&KDSWHU/LWHUDWXUH5HYLHZUHYLHZVVFLHQWLÀFDQGSHGDJRJLFOLWHUDWXUHRQWKHSURFHVVRI 
REVHUYDWLRQDOGUDZLQJ,WSUHVHQWVPRGHOVRI REVHUYDWLRQDOGUDZLQJIURPVFLHQFHSHGDJRJ\
DQGSUDFWLFHDQGLQWURGXFHVWKHWKHRU\RI HQDFWLYHSHUFHSWLRQ,WFRPSDUHVWKHRULHVRI 
KRZKDQGDQGH\HFRQWULEXWHWRSHUFHSWLRQDFURVVGLVFLSOLQHVDQGLGHQWLÀHVJDSVLQFXUUHQW
GUDZLQJUHVHDUFKDQGSUDFWLFH
&KDSWHU0HWKRGRORJ\H[SODLQVKRZWKHZRUNLQJPRGHOLVH[SORUHGLQWKHVWXGLR
WRHOXFLGDWHWKHGHWDLOHGFRQQHFWLYHORRNLQJUHTXLUHGIRUDFFXUDWHGUDZLQJ,WRXWOLQHV
LQWHUGLVFLSOLQDU\PHWKRGVWKH(GZDUGV·VWXG\DQGDFFXUDF\PHDVXUHV
&KDSWHU%HWW\(GZDUGV·VWXG\UHSRUWVRQWKHUHVXOWVRI P\REVHUYDWLRQDOFDVHVWXGLHVRI 
(GZDUGV·GUDZLQJVWXGHQWVEHIRUHDQGDIWHUXQGHUWDNLQJKHULQWHQVLYHGD\GUDZLQJWUDLQLQJ
FRXUVH,WUHSRUWVFKDQJHVLQH\HDQGKDQGPRYHPHQWVDIWHUGD\VRI GUDZLQJSUDFWLFH
Part 2
&KDSWHU7RZDUGVDQHQDFWLYHGUDZLQJPRGHOFRQQHFWVWKHRU\IURPWKHWKUHHDUHQDVRI 
HQTXLU\FRJQLWLYHVFLHQFHGUDZLQJHGXFDWLRQDQGSUDFWLFHDQGHQDFWLYHSHUFHSWLRQWKHRU\
VKRZLQJKRZIURP3DUWHPHUJHVDQHQDFWLYHYLHZRI GUDZLQJDQGZKDWLWHQWDLOV,W
HVWDEOLVKHVDIUDPHZRUNIRUGHYHORSPHQWRI DGUDZLQJPHWKRG
&KDSWHU$QHQDFWLYHGUDZLQJPHWKRGUHFRXQWVKRZH\HWUDFNLQJDQGYLGHRÀQGLQJV
)LJ7KLQNLQJGUDZLQJDVNLQJKRZWRIUDPHREVHUYDWLRQDOGUDZLQJ
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ZHUHWUDQVODWHGLQWRGUDZLQJLQVWUXFWLRQVDQGWULHGRXWLQWHDFKLQJVLWXDWLRQV7KHPHWKRGLV
EXLOWRQWKHH\HKDQGPRYHPHQWUHVHDUFKRI GUDZLQJVFLHQWLVW-RKQ7FKDOHQNRGUDZLQJWKLV
WRJHWKHUZLWKHQDFWLYHWKHRU\DQGH[LVWLQJSHGDJRJLFPHWKRGVWRGHYHORSWKHQHZGUDZLQJ
LQVWUXFWLRQDQGFRQVLGHULWVLPSOLFDWLRQVDQGXVHVERWKDVDWHDFKLQJWRRODQGDVDVXEMHFWIRU
IXUWKHUHPSLULFDOWHVWLQJ7KHHPHUJLQJPRGHOGLVWLQJXLVKHVEHWZHHQSKDVHVRI SK\VLFDODQG
FRJQLWLYHDFWLYLW\DQGDWWHPSWVWRLQWHUSUHWWKHIXQFWLRQVRI W\SHVRI DFWLRQDQGEHKDYLRXU
&KDSWHU'LVFXVVLRQGLVFXVVHVWKHSHUFHSWXDOUROHRI WKHKDQGLQGUDZLQJDQGSRVLWVDQ
DUJXPHQWWKDWWKHKDQGDQGH\HPXWXDOO\FRQWULEXWHWRYLVLRQWKDWWKH\FRPHWRXQGHUVWDQG
RQHDQRWKHULQDQH[WUDRUGLQDU\ZD\WKDWGUDZLQJSHUFHSWLRQLVDFRQYHUVDWLRQEHWZHHQH\H
DQGKDQGDQGDNLQWRGDQFLQJLQWHUPVRI WKHQHHGIRUV\QFKURQLVDWLRQLQWLPHDQGVSDFH
0HWKRGRORJLFDODUJXPHQWVDQGGHYHORSPHQWVDUHGLVFXVVHGLQWKHÀQDOFKDSWHUFRQVLGHULQJ
WKHXVHVRI LQWHUGLVFLSOLQDU\PHWKRGRORJLHVWKHQHHGIRUZLWKLQVXEMHFWORQJLWXGLQDOVWXG\DQG
IXWXUHUHVHDUFKGLUHFWLRQVLQFOXGLQJWUDQVODWLRQDOUHVHDUFKWRH[SORUHWKHXVHVRI GUDZLQJ
7KHDUJXPHQWSURJUHVVHVIURPLQQRFHQWH\HWKHRULHVWRWKHSRLQWZKHUHP\SDUWLFXODUPHWKRG
RI REVHUYDWLRQDOGUDZLQJLVGHÀQHGDVSHUFHSWLRQDQGUHVHDUFK
1.5 Method of  enquiry
Approaching accurate drawing from life as a problem to solve
2EVHUYDWLRQDOGUDZLQJSRVHVWZRSUREOHPVDWKHRUHWLFDOSUREOHPRI KRZWRFKDUDFWHULVH
SHUFHSWXDOSURFHVVHVDQGGUDZLQJSUDFWLFHVDQGDSUDFWLFDOSUREOHPRI KRZWRGUDZDFFXUDWHO\
DQGKRZWRWHDFKGUDZLQJ%\DSSURDFKLQJWKHSUREOHPRI DFFXUDWHGUDZLQJIURPWKHVH
WZRURXWHVZHVWDQGDFKDQFHRI FUHDWLQJDPRGHORI GUDZLQJSURFHVVHVWKDWDFFRXQWVIRU
ERWKVFLHQWLÀFFRJQLWLYHWKHRU\DQGWKHH[SHULHQFHRI GUDZLQJSUDFWLWLRQHUVVWXGHQWVDQG
WHDFKHUV7KHWKHRUHWLFDOSUREOHPSRVHGUHTXLUHVDVDÀUVWVWHSDTXHVWLRQLQJRI WKHORQJ
VWDQGLQJGLYRUFHEHWZHHQSHUFHSWLRQDQGDFWLRQDQGWKHQDUHIUDPLQJRI WKHGUDZLQJSURFHVV
WRUHFRJQLVHWKHERQGEHWZHHQWKHP7KHSUDFWLFDOSUREOHPRI DFFXUDWHGUDZLQJIURP
OLIHKDVEHHQFRQVLGHUHGE\QXPHURXVSUDFWLWLRQHUVVXFKDV$OEHUWL5XVNLQ
DQG(GZDUGVZKRKDYHRIIHUHGWHFKQLFDODGYLFHDQGLQVWUXFWLRQVUHODWLQJ
WRSHUFHSWXDODSSURDFKHVIRUVWXGHQWV7KHKLVWRU\DQGFRQWH[WRI WKHVHLVVXHVDUHH[SORUHG
LQ&KDSWHUDQGDSSURSULDWHPHWKRGRORJLHVIRUIXUWKHUH[SORUDWLRQRI WKHWKHRU\DQG
SUDFWLFHRI REVHUYDWLRQDOGUDZLQJDUHFRQVLGHUHG7KHDLPLVWRDQVZHUWKHSUDFWLFDOTXHVWLRQ
RI KRZZHXVHRXUH\HVDQGKDQGVDQGKRZWKH\LQWHUDFWGXULQJGUDZLQJ7KHWKHVLVDLPV
)LJ8VLQJREVHUYDWLRQDOGUDZLQJWRREVHUYHDQGWKLQNDERXWJHVWXUHDQGWKRXJKW
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WRVKRZWKDWPRWRUDFWLRQFRQWULEXWHVWRFKDQJHVLQRXUSHUFHSWLRQRI WKHH[WHUQDOZRUOG
DQGWRGHPRQVWUDWHKRZWKLVPDQLIHVWVLWVHOI LQGUDZLQJEHKDYLRXUDQGWKHGHYHORSPHQWRI 
REVHUYDWLRQDOGUDZLQJVNLOO
'UDZLQJSRVHVDFKDOOHQJHWRSHUFHSWLRQ7FKDOHQNRVWDWHV¶%HJLQQHUVSHUFHLYHGWKHRULJLQDOLQ
DZD\QRWDSSURSULDWHIRUWKHWDVNRI GUDZLQJ7KLVPDGHLWGLIÀFXOWWRWUDQVIRUPWKHH[WHUQDO
ZRUOGHYHQDWZRGLPHQVLRQDOJURXSRI OLQHVLQWRDQDFFXUDWHUHSURGXFWLRQ·7FKDOHQNR
DS3V\FKRORJLVW9DQ6RPPHUVDUJXHVLQWKHSDUWLFXODUFRQWH[WRI GUDZLQJD
KDQG¶,GRQRWEHOLHYHWKDWQRUPDOSHUFHSWXDOFRPPHUFHZLWKREMHFWVLVDGHTXDWHWRWKLV
WDVN·SDQGWKDWZKLOHVHYHUDOVW\OHVRI SHUFHSWXDODQDO\VLV¶ZRXOGEHDGHTXDWHIRU
UHFRJQLWLRQ«QRWDOODUHHTXDOO\VXLWDEOHDVDEDVLVIRUGUDZLQJ·S
:KDWLVDQDGHTXDWHDQGVXLWDEOHVW\OHRI SHUFHSWLRQIRUDFFXUDWHGUDZLQJIURPOLIHDQGKRZ
GRZHDFTXLUHWKLVVW\OH"
3KLORVRSKHUVDQGKLVWRULDQVVXFKDV0HUOHDX3RQW\DQG*RPEULFKVHHKDYHOLQNHG
VFLHQWLÀFDQGSKHQRPHQRORJLFDODFFRXQWVKRSLQJWRJHWFORVHUWRDSHUFHSWXDOWKHRU\RI 
GUDZLQJ&RQWHPSRUDU\VFLHQWLVWV9DQ6RPPHUV&RKHQ7FKDOHQNRDQG.R]EHOWKDYHDVNHG
¶ZKDWJRHVRQGXULQJGUDZLQJ"·LQWHUPVRI SHUFHSWLRQDQGPRWRUDFWLRQKRSLQJWRDQVZHU
WKHTXHVWLRQ¶ZKDWDOORZVGUDZLQJ"·DQGWRRIIHUFRJQLWLYHLQWHUSUHWDWLRQVRI REVHUYDEOH
EHKDYLRXU%ULGJHW5LOH\WDONVRI DPHWDSKRULFDOH\HDWWKHHQGRI KHUSHQFLO5LOH\
+RZHYHULQJHQHUDOWKHGRPLQDQWSDUDGLJPVSHUVLVWWKDWGUDZLQJUHTXLUHVDVSHFLDOZD\RI 
ORRNLQJDWWKLQJVDQGXVHVYLVXDOPHPRU\WRFDSWXUHWKHLPDJHDQGUHSURGXFHLWVHH0F0DQXV
HWDO
&DQZHWLHWKHVHYLHZVWRJHWKHU"7KHWKHVLVXVHVDPL[RI SUDFWLFHTXDQWLWDWLYHDQDO\VLVRI 
H\HDQGKDQGPRYHPHQWVDQGWKHRUHWLFDOVWXG\WRTXHVWLRQWKHSUREOHPVDQGFRQGLWLRQVRI 
GUDZLQJDQGWRHGJHQHDUHUWRDFRPSUHKHQVLYHHQDFWLYHPRGHORI KRZDQGZK\ZHPRYH
ZKHQZHGUDZ7KHVHDFWLRQVDUHFRQVLGHUHGWRZRUNDVDV\VWHPZLWKWKHUHVHDUFKIRFXV
RQWKHG\QDPLFVDQGFRRUGLQDWLRQRI LQWHUDFWLRQVLQWLPHDQGVSDFH&KHPHURVXPVXS
KLVUHYLHZRI *LEVRQ·VHFRORJLFDOSHUVSHFWLYH¶,KDYHVNHWFKHGDSLFWXUHRI DQLPDOV
DVDFWLYHDJHQWVLQWHUDFWLQJZLWKDZRUOGUHSOHWHZLWKLQIRUPDWLRQDQGLQGHHGJHQHUDWLQJ
LQIRUPDWLRQZLWKWKHLUDFWLRQV·&KHPHURS   
'UDZLQJDVUHVHDUFKDQGUHÁHFWLRQ
$GLVWLQFWLRQEHWZHHQPRGHOVRI REVHUYDWLRQDOGUDZLQJLVEHWZHHQWKRVHWKDWDLPWRPDNH
DPHDQLQJIXOSLFWXUHDQGWKRVHZKHUHWKHSURFHVVFRQWDLQVWKHPHDQLQJ7KHPHWKRG
,GHYHORSHGLVUHOHYDQWIRUWKHODWWHUDQGKHQFHPRUHDWWHQWLYHWRWKHSHUFHSWXDOPHDQV
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HPSOR\HGVHHNLQJWRÀQHO\WXQHWKHH\HDQGKDQG7KHFRPSOHWHGLPDJHRQWKHSDSHUPD\RU
PD\QRWFRPPXQLFDWHWKHGLVFRYHU\
,XVHGGUDZLQJLQWZRZD\VLQUHÁHFWLYHSUDFWLFHDQGDVDFRQFHSWXDOUHVHDUFKWRROWRH[SORUH
LGHDVPDNHFRQQHFWLRQVDQGWRRUJDQLVHWKHWKHVLVVWUXFWXUHDQGQDUUDWLYH([SHULHQFHDQG
FRQVLGHUDWLRQRI WKHSURFHVVHVRI REVHUYDWLRQDOGUDZLQJLQIRUPHGWKHUHVHDUFKPHWKRGVLQ
WHUPVRI DWWHQWLRQWRSDUWVDQGWKHZKROHFKHFNLQJUHODWLRQVKLSVDGMXVWLQJWKHSDUWVXQWLO
WKH\ZRUNDQGEHFRPHDFRKHUHQWZKROH,ZRUNHGRQFKDSWHUVLQWDQGHPFRQQHFWLQJWKHRU\
ZLWKSUDFWLFHDFURVVGLVFLSOLQHVDQGEHWZHHQWKHRU\DQGSUDFWLFH$WKHVLVQHHGVWRZRUNDVD
ZKROHDQGLQGHWDLOZLWKFRQVLGHUDWLRQRI VWUXFWXUHDQGIRUPDVZHOODVFRQWHQW,VWUXJJOHG
WRGUDZWKHWKHVLVÀQGLQJWKDWPRVWRI P\GUDZLQJVVHHPHGXQUHDGDEOHHYHQWRP\VHOI,
UHDOLVHGWKDWWKHVHGUDZLQJVZHUHP\WKLQNLQJZRUNDQGWKDWDQRWKHUW\SHRI FRPPXQLFDWLYH
GUDZLQJZDVQHHGHGIRUWKHÀQDOWKHVLV,PDGHWKHVHFORVHWRWKHHQGRI ZULWLQJXSDWDSRLQW
ZKHQWKHSLHFHVRI WKHMLJVDZKDGÀQDOO\IDOOHQLQWRSODFHDQGZKHQ,KDGDYHU\FOHDULGHDRI 
WKHVWUXFWXUHDQGFRQWHQW7KHWKHVLVLVFRQVWUXFWHGDQGIROORZHGXVLQJFRQFHSWXDOGUDZLQJV
RI HYHU\FKDSWHUDQGRI WKHYDULRXVWKUHDGVRI DUJXPHQW
,VHWRXWWRREVHUYHFRRUGLQDWLRQRI PRYHPHQWVLQWZRZD\VVFLHQWLÀFDOO\XVLQJH\HWUDFNLQJ
DQGYLGHRDQGWKURXJKUHÁHFWLRQDQGIHHGEDFNRQP\RZQGUDZLQJDQGWHDFKLQJSUDFWLFH
$QDO\VLVZDVFDUULHGRXWXVLQJDUDQJHRI TXDQWLWDWLYHVRIWZDUHDQGKDQGGUDZQFRQFHSWXDO
PDSVDQGGLDJUDPV&KDSWHUDQGSUHVHQWFRQWH[WDQGUDWLRQDOHIRUP\IRFXVRQPRYHPHQW
DVDIUXLWIXOZD\WRH[SORUHREVHUYDWLRQDOGUDZLQJDQG&KDSWHURXWOLQHVWKHHPSLULFDO
PHWKRGRORJ\IRUREVHUYDWLRQRI H\HDQGKDQGPRYHPHQWVXVLQJIUDPHE\IUDPHDQDO\VLVRI 
YLGHRIRRWDJH0XFKRI P\PHWKRGRORJ\ZDVEDVHGRQPHWKRGVOHDUQWGXULQJZRUNLQJZLWK
7FKDOHQNRLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFWDQGLQIRUPHGE\UHÁHFWLRQRQP\RZQ
SUDFWLFHDQGREVHUYDWLRQRI P\GUDZLQJVWXGHQWV&KDSWHUSUHVHQWVWKHÀQGLQJVIURPWKLV
TXDQWLWDWLYHVWXG\
Framework for quantitative study - video analysis, temporal and spatial
$FWLRQVE\WKHKDQGDQGH\HLQVSDFHDQGWLPHZHUHGHÀQHGDVHOHPHQWVRI GUDZLQJ6SDWLDO
DQGWHPSRUDODVSHFWVRI WKHGUDZLQJSURFHVVZHUHGHOLQHDWHGDQGEHKDYLRXUDQGIXQFWLRQZHUH
H[SORUHGLQUHODWLRQWRWKHVH
5HFRUGLQJWLPH7LPHOLQHVLQ)LQDO&XW3URDQG$GREH3UHPLHUDQGLQDGGLWLRQKDQGGUDZQ
VKRZWKHSOD\LQJRXWRI WKHSURFHVVDQGLQWHUDFWLRQVEHWZHHQKDQGDQGH\H
5HFRUGLQJVSDFH&XVWRPPDGHDFFXUDF\VRIWZDUHPHDVXUHGVSDWLDODVSHFWVRI WKHÀQDO
GUDZLQJVLQFRPSDULVRQWRRULJLQDOV9LGHRDQDO\VLVSURYLGHGGDWDRQVSDWLDOORFDWLRQRI H\H
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À[DWLRQVDQGWKHGUDZLQJKDQG²ZKHUHWKHH\HDQGKDQGDUH
7LPHDQGVSDFH:KDW,ZDVLQWHUHVWHGLQZDVKRZVSDWLDOHOHPHQWVRI WKHDFWLRQSOD\RXW
LQWLPHLHWKHLQWHUUHODWLRQVKLSRI WHPSRUDODQGVSDWLDOHOHPHQWVRI WKHGUDZLQJSURFHVV
)RUH[DPSOHZKHUHGRHVWKHGUDZHUORRNDWWKHEHJLQQLQJRI GUDZLQJDOLQHWKHPLGGOHDQG
WKHHQG":KHQGRHVWKHGUDZHUORRNDWWKHSDSHUDQGZKHQDWWKHRULJLQDO"6RWKHHOHPHQWV
H[SORUHGZHUH:KHUHLVWKHKDQG":KHUHLVWKHH\H",VWKHKDQGPRYLQJ",VWKHH\H
PRYLQJ":KHQLVWKHH\HPRYLQJ":KHQLVWKHKDQGPRYLQJ"+RZGRWKRVHHOHPHQWV
LQWHUDFW"
3KHQRPHQRORJLFDODFFRXQWVGHPRQVWUDWHGDQLQWHUHVWLQWKHSURFHVVRI GUDZLQJEXWLWZDV
QRWXQWLOWKHGHYHORSPHQWRI ÀOPWKDWWKHQHZSRVVLELOLW\DURVHRI UHFRUGLQJDQGLQYHVWLJDWLQJ
WKHSURFHVVRI GUDZLQJE\REVHUYLQJEHKDYLRXU:KLOHSV\FKRORJLVWVFRQWLQXHWRWHVWODUJH
VDPSOHJURXSVIRUDFFXUDF\RI GUDZLQJÀOPLQJWKHSURFHVVPD\EHWKHPRUHUHYHDOLQJ
DYHQXHHQDEOLQJXVWRLQVSHFWWKHFRPSOH[LQWHUDFWLRQVEHWZHHQKDQGDQGH\HDQGERG\9DQ
6RPPHUVFRQGXFWHGDQH[WHQVLYHVWXG\RI GUDZLQJDQGFRJQLWLRQ+HREVHUYHGDQG
GRFXPHQWHGWKHSURFHVVORRNLQJDWWKHRUGHURI H[HFXWLRQDQGVWUDWHJLHVRI GUDZLQJEXWGLG
QRWLQWHUURJDWHWKHPLFUROHYHORI KDQGDQGH\HLQWHUDFWLRQV
&KDSWHUSUHVHQWVUHVXOWVRI P\ZLWKLQVXEMHFWHPSLULFDOVWXG\XVLQJYLGHRREVHUYDWLRQV
RI H\HDQGKDQGPRYHPHQWVGXULQJGUDZLQJ,REVHUYHGVWXGHQWVDVWKH\OHDUQWWRGUDZ
DQGORRNHGIRUFKDQJHVWKDWRFFXUUHGERWKLQWKHLUEHKDYLRXUDQGLQWKHOHYHOVRI DFFXUDF\
WKH\DFKLHYHG7KHZRUNLQJK\SRWKHVLVIRUWHVWLQJZDVWKDWGUDZLQJSUDFWLFHZRXOGDIIHFW
REVHUYDEOHDVSHFWVRI SHUFHSWLRQLQWHUPVRI H\HDQGKDQGPRYHPHQWVDQGWKDWPRUH
H[SHULHQFHGGUDZHUVZRXOGGUDZPRUHVORZO\SDXVHPRUHDQGGLYLGHOLQHVWREHFRSLHGLQWR
PRUHDQGVKRUWHUVHJPHQWV7KHTXDQWLWDWLYHVWXG\XVHVYLGHRWRVFUXWLQLVHDSURYLVLRQDO
PRGHORI GUDZLQJE\REVHUYLQJWKHEHKDYLRXURI WKUHHQRYLFHVEHIRUHDQGDIWHUWKH\XQGHUJR
ÀYHGD\VRI LQWHQVLYHGUDZLQJWXLWLRQ6RIWZDUHZDVGHVLJQHGWRDQDO\VHDFFXUDF\RI OLQH
GUDZLQJVDQGWRFRPSDUHDFFXUDF\EHIRUHDQGDIWHUGUDZLQJWUDLQLQJ7KHVHPHWKRGVDUH
GHWDLOHGLQ&KDSWHUVDQG
1.6 Summary 
7KHVWXG\DVNVZKDWZHFDQOHDUQIURPWKHQHZVFLHQFHRI GUDZLQJPRYHPHQWVDQGKRZ
QHZNQRZOHGJHDERXWFRJQLWLRQSHUFHSWLRQDQGOHDUQLQJPD\FRQWULEXWHWRGUDZLQJWHDFKLQJ
SUDFWLFH7KHUHLVQRW\HWDFRPSUHKHQVLYHSLFWXUHRI WKHFRPSOH[SURFHVVHVRI REVHUYDWLRQDO
GUDZLQJZKLFKHQFRPSDVVDZLGHUDQJHRI PHWKRGVDQGLQWHUDFWLRQVEHWZHHQH\HDQGKDQG
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DQGSHUFHSWLRQDQGDFWLRQ
$VRXWOLQHGHQJDJHPHQWZLWKWKHVFLHQFHRI GUDZLQJOHGWRWKHLGHDRI WHDFKLQJWKH
PRYHPHQWVRI GUDZLQJUDWKHUWKDQPRUHPLQGDQGH\HEDVHGSHUFHSWXDODSSURDFKHVZKLFK
,DUJXHDUHIRXQGHGRQRXWPRGHGSDVVLYHPRGHOVRI YLVLRQDQGDGLVHPERGLHGH\H7KLV
RIIHUVDQLQWHUHVWLQJDOWHUQDWLYHWRH\HEDVHGPHWKRGVDQGDZD\WRFRPPXQLFDWHYHU\GLUHFWO\
EHWZHHQH\HDQGKDQGDQGZLWKWKHZRUOG
,QWKHIROORZLQJFKDSWHUWKHFRQWH[WXDOUHYLHZH[SORUHVZK\WKHUROHRI WKHKDQGKDV
EHHQGRZQSOD\HGLQVFLHQWLÀFDQGSHGDJRJLFWKHRULHVRI REVHUYDWLRQDOGUDZLQJ$ODFNRI 
FRQQHFWLRQEHWZHHQSHUFHSWLRQWKHRU\WKHQHZVFLHQFHRI GUDZLQJDQGFRQWHPSRUDU\
REVHUYDWLRQDOGUDZLQJSHGDJRJ\VHHPVWRVWHPIURPKLVWRULFDOO\GRPLQDQWSDUDGLJPVRI D
GLVHPERGLHG&DUWHVLDQH\HDQGEHKDYLRXULVPLQVFLHQFH6FLHQFHFXUUHQWO\IUDPHVWKHGUDZLQJ
SURFHVVDVDSHUFHSWLRQWRDFWLRQWDVN:KLOHWKHQHZVFLHQFHRI GUDZLQJOHGE\H\HWUDFNLQJ
UHVHDUFKHUVDQGFRJQLWLYHSV\FKRORJLVWVRIIHUVLPSRUWDQWÀQGLQJVDERXWPRYHPHQWDQG
SHUFHSWXDOVNLOOV,DUJXHWKDWLWLVQRW\HWRIIHULQJDVXIÀFLHQWPRGHORI REVHUYDWLRQDOGUDZLQJ
EHFDXVHLWRSHUDWHVLQWKLV¶LQSXWRXWSXW·UHGXFWLRQLVWIUDPHZRUN1HZGHYHORSPHQWVLQ
HQDFWLYHSHUFHSWLRQWKHRU\ZKHQFRQQHFWHGZLWKDFFRXQWVRI WKHH[SHULHQFHRI SUDFWLWLRQHUV
FRQWULEXWHWRDPRUHFRPSUHKHQVLYHPRGHORI WKHPRYHPHQWVDQGRUFKHVWUDWLRQRI GUDZLQJ
5HFHQWFRJQLWLYHUHVHDUFKKDVH[DPLQHGWKHEHKDYLRXURI QRYLFHDQGH[SHUWGUDZHUVKRZHYHU
P\VWXG\LVWKHÀUVWWRP\NQRZOHGJHWRHPSLULFDOO\REVHUYHZLWKLQVXEMHFWWUDQVIRUPDWLRQV
LQQRYLFHVDVWKH\OHDUQWRGUDZDQGWRFRUUHODWHFKDQJHVLQEHKDYLRXUZLWKTXDQWLWDWLYHDQG
TXDOLWDWLYHPHDVXUHVRI GUDZLQJDFFXUDF\0\FDVHVWXGLHVRI GUDZLQJEHKDYLRXURI WKUHHRI 
(GZDUGV·GUDZLQJVWXGHQWVREVHUYHGDVWKH\OHDUQWWRGUDZVXJJHVWWKDWWKH\DOOPRYHGIURP
QRYLFHWRZDUGVH[SHUWGUDZLQJEHKDYLRXUDIWHURQO\GD\VRI GUDZLQJWUDLQLQJDQGSUDFWLFH
,IRXQGWKDWVWXGHQWVGHYHORSHGORQJHUSDXVHVEHWZHHQSKDVHVRI GUDZLQJDFWLRQLQOLQH
ZLWKUHFHQWVFLHQWLÀFÀQGLQJVWKDWVXJJHVWWKDWORQJHUDQGPRUHIUHTXHQWSDXVHVDUHOLQNHGWR
KLJKHUOHYHOVRI GUDZLQJH[SHULHQFH&RKHQ7FKDOHQNRHWDOLQSUHVV,QRUGHUWR
FRQGXFWWKLVVWXG\DUHYLHZRI FXUUHQWUHVHDUFKHVWDEOLVKHGSURYLVLRQDOSURÀOHVRI EHKDYLRXU
RI ¶QRYLFH·DQG¶H[SHUW·GUDZHUVDQGOHGWRWKHGHYHORSPHQWRI DPRGHORI WKHGUDZLQJ
SURFHVVWKDWFRXOGEHH[SORUHGHPSLULFDOO\
7RGDWHWKHUHLVQRHPSLULFDOHYLGHQFHRI SUDFWLWLRQHUVRWKHUWKDQP\VHOI XVLQJP\¶H\H
GUDZLQJ·PHWKRGKRZHYHUERWK1LFRODwGHVDQG(GZDUGVUHFRPPHQGH[HUFLVHV
XVLQJVORZH\HPRYHPHQWVWRIROORZFRQWRXUV7KHKRSHLVWKDWIXWXUHH\HWUDFNLQJDQGYLGHR
REVHUYDWLRQZLOOUHYHDOPRUHDERXWWKLVVORZGUDZLQJEHKDYLRXURI WKHH\HDQGWKDWIXUWKHU
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EUDLQVWXGLHVZLOOGLVFRYHUPRUHDERXWWKHSHUFHSWXDOSURFHVVHVDQGWKHFRQYHUVDWLRQEHWZHHQ
H\HDQGKDQG,WLVDQRSHQTXHVWLRQZKHWKHUP\PHWKRGLVDOUHDG\ZLGHO\XVHGE\GUDZLQJ
SUDFWLWLRQHUVDQGLI VRZKHWKHUWKH\DUHDZDUHRI WKHHVSHFLDOVORZÀQHO\WXQHGPRYHPHQWRI 
WKHLUH\HVDQGWKHSHUFHSWXDOFRQWULEXWLRQRI WKHKDQG3DUWRI WKHSXUSRVHRI WKHLQVWUXFWLRQ
LVWRHPSKDVLVHPRYHPHQWDQGWRPDNHH[SOLFLWWRVWXGHQWVDQGGUDZHUVKRZSHUFHSWLRQ
RFFXUVLQDFWLRQ
$QLPSRUWDQWLQVLJKWRI WKHWKHVLVLVWKDWWKHGUDZLQJKDQGSOD\VDQLQWHOOLJHQWSHUFHSWXDODV
ZHOODVDPHFKDQLFDOUROHDQGFRQYHUVHO\WKDWWKHH\HPRYHVDQGGUDZVDQGWKDWDQDZDUHQHVV
RI WKLVFDQFRQWULEXWHWRWKHSUDFWLFHRI GUDZLQJ7KHDQVZHULVWKDW\RXQHHGWRORRNDWWKLQJV
VORZO\DQGLQGHWDLOZLWK\RXUH\HVDQGKDQGV+RZHYHUWKLVH[WUDRUGLQDU\ZD\RI ORRNLQJ
DWWKLQJVUHTXLUHVDFRPSOH[RUFKHVWUDWLRQEDODQFLQJWHPSRUDODQGVSDWLDOFRRUGLQDWLRQRI 
H\HDQGKDQGPRYHPHQWVZLWKPRPHQWVRI VWLOOQHVVDQGWKHUHVWULFWLRQRI PRYHPHQWRI WKH
KHDGDQGERG\UHVXOWLQJLQDSDUWLFXODUIRUPRI SHUFHSWLRQ3DXVHVSXQFWXDWHWKHGUDZLQJDFW
JLYLQJPHDQLQJDQGSURVRG\WRWKHSURFHVV7KLVSHUVSHFWLYHHPHUJHGIURPHIIRUWVWRORFDWH
SKHQRPHQRORJLFDOH[SHULHQFHVRI GUDZLQJSUDFWLFHLQUHODWLRQWRQHZÀQGLQJVDQGWKHRU\
IURPFRJQLWLYHVFLHQFHDERXWSHUFHSWLRQDQGDFWLRQ7KHVWXG\GHYHORSVDFKDUDFWHULVDWLRQ
RI WKHLQWHUDFWLRQEHWZHHQWKHH\HDQGKDQGWKDWJRHVEH\RQGWUDGLWLRQDOVHTXHQWLDOYLVLRQ
WRPRWRULQSXWRXWSXWPRGHOVRI WKHGUDZLQJSURFHVVFRQFHSWXDOLVLQJWKHLQWHUDFWLRQDVD
GHHSHQLQJFRQQHFWLRQDQGDVKDUHGHPERGLHGUROHIRUWKHH\HDQGKDQGLQSHUFHSWLRQDQG
H[HFXWLRQRI WKHWDVN7KHKDQGGRHVQRWDOZD\VIROORZWKHH\HVRPHWLPHVLWOHDGV7KHH\H
DQGKDQGFRRSHUDWHDQGFRPPXQLFDWH'UDZLQJLVDFRQYHUVDWLRQEHWZHHQH\HDQGKDQG
0\QHZPHWKRGRI GUDZLQJUHODWHVWRFRQWHPSRUDU\YLHZVRI GHOLQHDWLRQVHH/\RQV
	DQGWKHUROHRI GUDZLQJIRUUHVHDUFKDQGDVDIRUPRI HQJDJHPHQWUDWKHUWKDQDV
DYLVXDOUHSUHVHQWDWLRQDOWRRO)XUWKHUPRUHWKHWKHVLVUHORFDWHVREVHUYDWLRQDOGUDZLQJDVDQ
HPERGLHGSHUIRUPDWLYHSUDFWLFHZLWKDQDWWWHQXDWHGIRUPRI PRYHPHQWWKDWWHOOVXVPXFK
DERXWSHUFHSWXDOSURFHVVHVDQGLVDPHQDEOHWRVFLHQWLÀFVWXG\7KHGUDZLQJPHWKRGGHYHORSHG
GRHVQRWZLVKWRUHSODFHH[LVWLQJZD\VRI GUDZLQJEXWPD\EHXVHIXOIRUVSHFLÀFW\SHVRI 
GUDZLQJDQGSKDVHVRI GUDZLQJ
,ORRNHGIRUHYLGHQFHRI SK\VLFDOFKDQJHVLQPHDQVRI SHUFHSWLRQLHLQFKDQJHVLQWKH
SK\VLFDOUHODWLRQVKLSEHWZHHQWKHKDQGDQGWKHH\HDQGHQYLURQPHQWZLWKLQWKHIUDPHZRUN
RI WKHERG\$IWHULGHQWLI\LQJFRQVLGHUDEOHFKDQJHV,FRQVLGHUHGZKDWWKLVPD\PHDQIRUWKH
SHUFHSWXDOSURFHVVHVRI WKHLQGLYLGXDOGUDZHU7KLVHQWDLOHGH[SORULQJWKHWUDQVODWLRQSURFHVV
IURPH\HWRKDQGWKHWUDQVIRUPDWLRQRI VHQVHWRDFWLRQ6FLHQWLVWV7FKDOHQNRDQG0LDOOGHÀQH
WKLVDVDQHQFRGLQJRI YLVXDOLQIRUPDWLRQWRDPRWRUSODQ7KURXJKUHÁHFWLYHSUDFWLFHDQ
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DUJXPHQWEXLOWWRZDUGVWKHK\SRWKHVLVWKDWWKHKDQGSOD\VDPRUHVLJQLÀFDQWUROHLQSHUFHSWLRQ
WKDQKLWKHUWRDFNQRZOHGJHGLQGUDZLQJUHVHDUFKDQGWKDWWKHSDXVHLVDQLPSRUWDQWHOHPHQW
RI GUDZLQJ
7KHRSHUDWLQJSULQFLSOHZDVWRPRYHEDFNDQGIRUZDUGIURPVFLHQFHODEWRDUWVWXGLR
HQJDJLQJLQVFLHQWLÀFDQGSHGDJRJLFSUDFWLFHVWRVHHZKDWLQVLJKWVDQGFRQQHFWLRQVHPHUJHG
IURPWKHFRQWUDVWLQJPHWKRGV7KLVSURYHGSURGXFWLYHVSHFLÀFDOO\LQWKHIRUPRI P\GUDZLQJ
WHDFKLQJPHWKRGZKLFKZRXOGQRWKDYHFRPHDERXWZLWKRXWHQJDJHPHQWZLWKVFLHQWLÀFVWXG\
RI H\HDQGKDQGPRYHPHQWVDQGLQP\SURSRVLWLRQWKDWWKHH\HDQGKDQGERWKFRQWULEXWH
WRSHUFHSWLRQZKLFKVWHPVIURPWKHSKHQRPHQRORJLFDOH[SHULHQFHRI GUDZLQJSUDFWLFH,
EHJDQZLWKWKHLGHDWKDW,FRXOGWHVWVRPHLGHDVVFLHQWLÀFDOO\EXWE\WKHHQGRI WKHVWXG\,KDG
UHDOLVHGWKDWZKHUHLQVLJKWHPHUJHGZDVZKHUHSUDFWLFHDQGVFLHQFHFRQYHUJHG/LNHWKHH\H
DQGWKHKDQGVFLHQFHDQGUHÁHFWLYHSUDFWLFHLQIRUPHGRQHDQRWKHUDQGMRLQWO\FRQWULEXWHGWR
WKHÀQDOWKHVLV7KHVHTXHVWLRQVDERXWWKHLQWHUUHODWLRQVKLSEHWZHHQSHUFHSWLRQDQGDFWLRQ
LQWKHVSHFLÀFFDVHRI H\HDQGKDQGPRYHPHQWVLQREVHUYDWLRQDOOLQHGUDZLQJUHTXLUHGDQ
DSSURDFKLQIRUPHGE\ERWKVFLHQFHDQGH[SHULHQFH([SHULHQFHXUJHVXVWRVWHSRXWRI 
UHVWULFWLYHH[SHULPHQWDOIUDPHZRUNVDQGWRH[SORUHPRUHWKDQFDQEH¶FRQWUROOHG·IRU
7KHWKHVLVUDLVHVVHYHUDOTXHVWLRQVQRWDEO\DVNLQJZRXOGIXUWKHUORQJLWXGLQDOVWXG\
SRVVLEO\LQFOXGLQJVWUXFWXUDODQGRUEUDLQVFDQVUHYHDOFKDQJHVLQWKHEUDLQRI WKHGUDZHU
7KHGLVFXVVLRQ&KDSWHUSURSRVHVGHYHORSPHQWRI WKHPHWKRGRORJ\DQGSURSRVHVD
ORQJLWXGLQDOVWXG\LQWKHFRQWHPSRUDU\QHXURVFLHQFHÀHOGRI EUDLQSODVWLFLW\DQGOHDUQLQJ
ZLWKSUDFWLFDOH[SORUDWLRQRI WKHDSSOLFDWLRQVRI QHZNQRZOHGJHDERXWFRJQLWLRQDQGKRZ
ZHOHDUQWRGUDZ:KLOHJHQHUDOO\FDXWLRQLQJDJDLQVWDWWHPSWVWRVSOLWDFWLRQDQGSHUFHSWLRQ
SDUDGR[LFDOO\WKHGUDZLQJPHWKRGUHVXOWVLQDVSOLWWLQJRI SURFHVVHVRI GUDZLQJWKDWPD\SURYH
XVHIXOIRUVFLHQWLÀFVWXG\EHWZHHQDFWLRQDQGSDXVLQJZLWKDVSHFLÀFIRUPRI DVVHVVPHQW
DQGIHHGEDFNK\SRWKHVLVHGWRWDNHSODFHGXULQJWKHSDXVLQJSKDVH$QLPSRUWDQWVWHSLQWKH
VFLHQFHRI GUDZLQJZLOOEHWRORRNDWFRPPXQLFDWLRQEHWZHHQWKHH\HDQGKDQGDQGWKH
TXHVWLRQVDQGDQVZHUVWKH\DVNRQHDQRWKHU7KHFRQFOXVLRQLVWKDWDVVHVVPHQWDQGUHÁHFWLYH
SUDFWLFHVSOD\NH\UROHVERWKLQUHVHDUFKDQGLQREVHUYDWLRQDOGUDZLQJSURFHVVHVDQGWKDWWKHVH
GHSHQGRQDÀQHWXQLQJRI SHUFHSWXDOVNLOOV
)LQDOO\DSSURDFKLQJWKHWKHVLVLWVHOI DVDGUDZLQJLHXVLQJGUDZLQJDVDPHWKRGRORJ\
IDFLOLWDWHGWKRXJKWDQGDUWLFXODWLRQRI SDUWVDQGZKROHVKHGGLQJOLJKWERWKRQWKHUHVHDUFK
VXEMHFWDQGUHVHDUFKSURFHVVHV5RVDQGZULWHVRI /HRQDUGR¶'UDZLQJKHFDPHWRUHFRJQL]H
ZDVKLVPHDQVRI VHHLQJDQGNQRZLQJRI UHODWLQJWRDQGFRQWUROOLQJWKHZRUOG·5RVDQG
S
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Chapter 2 Drawing Paradigms – Literature Review
2.1 Introduction 
7KLVLQWURGXFWLRQRXWOLQHVWKHVWUXFWXUHDQGUDWLRQDOHIRUWKLVUHYLHZFKDSWHUZKLFKJLYHVDQ
RYHUYLHZRI WHDFKLQJSDUDGLJPVDQGVFLHQWLÀFÀQGLQJVWRGDWHDERXWREVHUYDWLRQDOGUDZLQJ
DQGLQWHUURJDWHVWKHLQÁXHQFHRI UHFHQWVFLHQWLÀFÀQGLQJVDERXWGUDZLQJSURFHVVHVRQ
REVHUYDWLRQDOGUDZLQJWKHRU\DQGSUDFWLFH
,QRUGHUWRFUHDWHDIUDPHZRUNIRUSUDFWLFDOVWXG\RI WKHSK\VLFDORUFKHVWUDWLRQRI GUDZLQJ
WKHUHYLHZFRPSDUHVWKHRULHVDFURVVGLVFLSOLQHVRI KRZWKHKDQGDQGH\HFRQWULEXWHWR
SHUFHSWLRQDQGLGHQWLÀHVJDSVLQFRPPXQLFDWLRQEHWZHHQGUDZLQJVFLHQFHDQGGUDZLQJ
SUDFWLFHDQGSHGDJRJ\6SHFLÀFDOO\LWGLVVHFWVYLHZVLQWRPRWRUDQGFRJQLWLYHHOHPHQWVRI 
GUDZLQJWKHSXUSRVHEHLQJWRDQDOD\VHKRZPXFKZHLJKWDQGDWWHQWLRQLVJLYHQWRPRWRU
H[HFXWLRQWRWHPSRUDODVSHFWVDQGWRWKHUROHRI WKHKDQG7KHWKHVLVWRIROORZDLPVWR
GHWHUPLQHZKDWZHFDQOHDUQIURPWKHQHZVFLHQFHRI GUDZLQJPRYHPHQWVWRH[SORUH
SRWHQWLDOXVHVRI GUDZLQJIRUGLVFRYHU\DQGUHVHDUFKDQGWRGHYHORSPHWKRGRORJLHVWR
REVHUYHDQGUHÁHFWRQSK\VLFDOGUDZLQJSURFHVVHV
,QOLQHZLWKWKHREMHFWLYHRI FRQQHFWLQJWKHRULHVDFURVVGLVFLSOLQHVWKHUHYLHZLVVWUXFWXUHGE\
WRSLFVFRQVLGHULQJYLHZVIURPVFLHQFHSUDFWLFHDQGSHGDJRJ\WRJHWKHU6HFWLRQGHÀQHV
WHUPVDQGRXWOLQHVWKHGUDZLQJUHVHDUFKÀHOGORRNLQJDWH[LVWLQJTXHVWLRQVDQGDUJXPHQWV
DQGLQWURGXFLQJDFODVVLÀFDWLRQRI WKHRULHVRI GUDZLQJLQWRSUDFWLFDOWKHRUHWLFDOFRJQLWLYH
DQGPRWRU7KLVSUHVHQWVWKHRULHVWKDWRIIHUVRPHDQVZHUVWRWKHUHVHDUFKTXHVWLRQIURP
DFURVVGLVFLSOLQHV6HFWLRQSUHVHQWVDFFRXQWVRI FKDQJHVLQYLVXDOSHUFHSWLRQEURXJKW
DERXWE\GUDZLQJDQGDUJXPHQWVIRUZK\DQGKRZGUDZLQJSUDFWLFHPD\DIIHFWFKDQJHV,W
H[DPLQHVDFFRXQWVIURPGUDZLQJWHDFKHUVDUWLVWVDQGDUWKLVWRULDQVRI WKHWUDQVIRUPDWLYH
QDWXUHRI GUDZLQJDQGWKHUHODWLRQVKLSEHWZHHQDFWLRQDQGSHUFHSWLRQ:HÀQGWKDWPRVW
WHDFKLQJLVIRXQGHGRQVSHFLÀFLGHDVDERXWFRJQLWLRQVXFKDVWKH¶LQQRFHQWH\H·XVLQJWKH
ULJKWEUDLQIRUJHWWLQJZKDWRQHNQRZVDERXWREMHFWVDQGFRXQWHULQJ¶FRQFHSWXDOELDV·²WKH
GLVWRUWLQJLQÁXHQFHRI ZKDWRQHNQRZVDERXWDQREMHFWRQKRZRQHVHHVDQGGHSLFWVLW7KHVH
DUHFRQVLGHUHGLQUHODWLRQWRFRQWHPSRUDU\VFLHQWLÀFÀQGLQJVDERXWGUDZLQJDQGDUDQJHRI 
WKHRULHVDQGLGHDVEHKLQGLQVWUXFWLRQVDQGPHWKRGV6HFWLRQSUHVHQWVWHDFKLQJSDUDGLJPV
DQGKRZWKH\UHODWHWRUHFHQWÀQGLQJVIURPFRJQLWLYHVFLHQFH6HFWLRQJLYHVDQRYHUYLHZ
RI WKHPDLQDUHDVRI VFLHQWLÀFUHVHDUFKDQGWKHRU\DERXWWKHSURFHVVDQGPRYHPHQWVRI 
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REVHUYDWLRQDOGUDZLQJ
6HFWLRQUHYLHZV7FKDOHQNRDQG0LDOO·VQHZVFLHQWLÀFÀQGLQJVDQGWKHRULHVDERXWWKH
SURFHVVRI REVHUYDWLRQDOGUDZLQJZKLFKDWWHQGWRPRYHPHQWDQGSK\VLFDOFRRUGLQDWLRQDQG
WRSHUFHSWXDOVNLOOVUHODWHGWRGUDZLQJSUDFWLFH6HFWLRQLQWURGXFHV¶DFWLYHYLVLRQWKHRU\·DQG
VFLHQWLVW5LFKDUG*UHJRU\·VPRGHORI YLVXDOSHUFHSWLRQ7KLVRSHQVWKHZD\IRUFRQVLGHUDWLRQ
RI WKHUROHRI WRXFKDQGPRYHPHQWLQGUDZLQJDQGSHUFHSWLRQDQGRI PRUHG\QDPLF
WUDQVIRUPDWLYHPRGHOVRI REVHUYDWLRQDOGUDZLQJ6HFWLRQPRYHVWRWKHSKLORVRSK\DQG
VFLHQFHRI SHUFHSWLRQH[DPLQLQJKRZHQDFWLYHSHUFHSWLRQWKHRU\PD\SURYLGHDSURGXFWLYH
IUDPHZRUNIRUDSK\VLFDODQGWHPSRUDOPRGHORI GUDZLQJ6HFWLRQORRNVDWDVVRFLDWHG
UHVHDUFKPHWKRGRORJLHVDQGDSSURDFKHVWRWKHVWXG\RI GUDZLQJDLPLQJWRORFDWHVWXGLHVWKDW
DWWHQGWRWKHSK\VLFDODFWLRQRI GUDZLQJ
6HFWLRQVKRZVKRZWKHUHYLHZLQIRUPVWKHWKHVLVH[SODLQLQJGHFLVLRQVDQGUDWLRQDOH
IRUWKHUHVHDUFKTXHVWLRQVDQGPHWKRGRORJLFDOFKRLFHV6HFWLRQVXPPDUL]HVWKHPDLQ
FRQFOXVLRQVRI WKHUHYLHZSURFHVV
$VZHOODVUDLVLQJTXHVWLRQVDERXWKRZQHZVFLHQWLÀFÀQGLQJVDQGWKHRU\PLJKWLQIRUP
WHDFKLQJSUDFWLFHWKHUHYLHZFRQVLGHUVKRZH[SHULHQWLDODQGUHÁHFWLYHSUDFWLFHVPLJKW
FRQWULEXWHWRVFLHQWLÀFK\SRWKHVHVIRUPDWLRQDQGWKHEXLOGLQJRI DPRUHFRPSUHKHQVLYH
SLFWXUHRI KRZGUDZLQJLVFDUULHGRXWDVZHOODVKRZLWLVH[SHULHQFHG7RWKLVHQGWKHUHYLHZ
IRFXVHVRQWKHH[HFXWLRQRI GUDZLQJDQGZKDWREVHUYDEOHPRYHPHQWVPD\UHYHDODERXWWKH
UHODWLRQVKLSEHWZHHQSHUFHSWLRQDQGDFWLRQ7KHVXEMHFWRI WKLVVWXG\LVWKHSURGXFWLRQRI OLQH
GUDZLQJVKRZHYHUWKHUHYLHZDOVRFRQVLGHUVWRQDODVZHOODVOLQHGUDZLQJDVLQPDQ\FDVHV
DFFRXQWVDQGÀQGLQJVHQFRPSDVVERWKVW\OHV
%\VWUDWHJLFDOO\EUHDNLQJWKHGUDZLQJSURFHVVGRZQLQWRPRWRUDQGFRJQLWLYHHOHPHQWVWKH
UHYLHZLVDEOHWRH[DPLQHHDFKDVSHFWIURPWKHGLIIHUHQWSHUVSHFWLYHVLGHQWLI\LQJDUDQJH
RI DUJXPHQWVDERXWZKDWPDNHVDFFXUDF\LQREVHUYDWLRQDOGUDZLQJSRVVLEOHLQWHUPVRI 
PRYHPHQWDWWHQWLRQDQGWKRXJKW7KHUHYLHZGHPRQVWUDWHVWKDWPRGHOVWHQGWRDFFRXQWIRU
HLWKHUFRJQLWLYHRUPRWRUHOHPHQWVZLWKIHZDWWHQGLQJWRERWK3HUKDSVVXUSULVLQJO\DUWLVWV
DQGWHDFKHUVRIWHQOHDQWRZDUGFRJQLWLYHH[SODQDWLRQVDQGVWUDWHJLHVZKHUHDVVFLHQWLVWVDUH
QRZVXJJHVWLQJWKDWPRYHPHQWDQGPRWRUDVSHFWVDUHYHU\LQÁXHQWLDOLQWKHRXWFRPHVRI 
REVHUYDWLRQDOGUDZLQJ+RZHYHUWKHVHPRWRUPRGHOVDUHRIWHQOLPLWHGE\WKHLUDGKHUHQFHWR
DSHUFHSWLRQWRDFWLRQSDUDGLJPDQGLWLVLQGUDZLQJSUDFWLWLRQHUV·RZQDFFRXQWVWKDWZHÀQG
WKHPRVWFRQVLGHUDWLRQRI WKHUROHRI WKHKDQGDQGKRZLWFRQWULEXWHVWRSHUFHSWLRQ
7KHUHYLHZFRYHUVUHVHDUFKIURPDUDQJHRI ÀHOGVWKDWTXHVWLRQVWKHLPSDFWRI GUDZLQJ
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SUDFWLFHRQSHUFHSWLRQ,WH[DPLQHVKRZWKHWKUHHDUHDVRI GUDZLQJVFLHQFHSHGDJRJ\
DQGHQDFWLYHSHUFHSWLRQWKHRU\FRPPXQLFDWHLGHQWLI\LQJSRWHQWLDODUHDVZKHUHDGHHSHU
FRQYHUVDWLRQPD\EHSURGXFWLYHLQRUGHUWRPRYHWRZDUGVDQHPERGLHGFKDUDFWHULVDWLRQ
RI REVHUYDWLRQDOGUDZLQJDQGWRZDUGVQHZZD\VRI SUDFWLVLQJDQGWHDFKLQJGUDZLQJ7KH
UHFHQWÀQGLQJVRI FRJQLWLYHEHKDYLRXUDOVFLHQWLVW-RKQ7FKDOHQNRFRQFHUQLQJKRZZHH[HFXWH
GUDZLQJDQGSDUWLFXODUO\KRZZHHQFRGHYLVXDOLQIRUPDWLRQVXJJHVWQRYHOZD\VWRDSSURDFK
REVHUYDWLRQDOGUDZLQJ+LVQHZ¶PRWRU·PRGHORI WKHGUDZLQJSURFHVVWRJHWKHUZLWKYLVLRQ
VFLHQWLVW5LFKDUG*UHJRU\·V¶K\SRWKHVLVWHVWLQJ·PRGHORI YLVLRQDQGHQDFWLYHSHUFHSWLRQ
WKHRU\RIIHUDIUDPHZRUNIRUEHWWHUXQGHUVWDQGLQJWKHFRPSOH[LQWHUSOD\RI DFWLRQDQG
FRJQLWLRQDQGIRUWKHGHYHORSPHQWRI DVFLHQWLÀFDOO\LQIRUPHGPHWKRGRI GUDZLQJ
7KHUHYLHZVKRZVWKDWFRQWHPSRUDU\VFLHQFHKDVWDNHQDVLJQLÀFDQWVWHSLQH[SORULQJWKHUROH
RI WKHSHQFLODQGKDQGE\IUDPLQJREVHUYDWLRQDOGUDZLQJDVDQH\HKDQGVNLOOUDWKHUWKDQ
H[SORULQJLWRQO\DVDFUHDWLYHÀQHDUWSUDFWLFH7KLVUHVRQDWHVZLWK5XVNLQ·VEHOLHI WKDWWKHH\H
QHHGVKHOSIURPWKHKDQGDQGIURPGUDZLQJSUDFWLFHLQRUGHUWRFODULI\SHUFHSWLRQ*UHJRU\·V
PRGHOHQDEOHVFRQQHFWLRQVWREHPDGHEHWZHHQGUDZLQJSHGDJRJ\WKHVFLHQFHRI GUDZLQJDQG
YLVLRQWKHRU\(QDFWLYHSHUFHSWLRQWKHRU\1RsVXSSRUWVWKHVHUHODWLRQVKLSVVXJJHVWLQJ
WKDWWKHUHPD\EHDOWHUQDWLYHZD\VRI WHDFKLQJDQGSUDFWLVLQJGUDZLQJKLQJLQJRQDQDZDUHQHVV
RI PRWRUDQGSURSULRFHSWLYHSURFHVVHV$V%ULGJHW5LOH\REVHUYHVSHUKDSVDUWLVWVGHYHORSD
VSHFLDOVHQVHDQH\HDWWKHHQGRI WKHSHQFLO5LOH\S
,QWKHVVDUWLVW.LPRQ1LFRODwGHVWDXJKWGUDZLQJDWWKH$UW6WXGHQWV·/HDJXHRI 1HZ
<RUN+HGHYHORSHGDZD\RI WHDFKLQJWKDWEURNHIURPWUDGLWLRQDOPHWKRGVGRFXPHQWHGLQ
KLVGUDZLQJPDQXDOThe Natural Way to Draw 1LFRODwGHV+HDGYRFDWHGWKHXVHRI DOO
WKHVHQVHVDQGFRQWUDU\WRPRUHFRPPRQ¶LQQRFHQWH\H·SDUDGLJPVVHH5XVNLQ
SURSRVHGWKDWGHFODUDWLYHNQRZOHGJHNQRZOHGJHWKDWRQHFDQSXWLQWRZRUGVGHFODUHDQG
PHDQLQJPDWWHUHGVWXGHQWVVKRXOGEULQJZKDWWKH\NQRZDERXWREMHFWVWRWKHH[SHULHQFH
RI GUDZLQJUDWKHUWKDQDWWHPSWLQJWRVXSSUHVVRUFDQFHOLWRXW7KHUHYLHZVKRZVKRZKLV
PHWKRGSUHÀJXUHVHQDFWLYHGUDZLQJPHWKRGVDQGKRZKLVNQRZOHGJHDQGVHQVHRI KRZ
GUDZLQJRSHUDWHVÀWZLWKQHZVFLHQWLÀFÀQGLQJVDERXWPRWRUSODQQLQJDQGFURVVPRGDO
VHQVRU\DQGSHUFHSWXDOSURFHVVHV
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2.2 Drawing research - Science, practice and 
pedagogy
&ODVVLÀFDWLRQRI GUDZLQJPRGHOV
5HVHDUFKLQWHUHVWIDOOVLQWRWZRGLVWLQFWFDWHJRULHVFRJQLWLYHRFXODU¶NH\V·WRGUDZLQJDFFXUDF\
DQGPRWRUSURFHVVHVRI H\HKDQGLQWHUDFWLRQ7KLVVHFWLRQRI WKHUHYLHZSURJUHVVHVIURP
RFXODUFHQWULFYLHZVRI GUDZLQJQRWDEO\¶LQQRFHQWH\H·WKHRULHVWRVFLHQWLÀFPRGHOVWKDW
DWWHQGWRWKHPRYHPHQWVRI GUDZLQJWRWKRVHWKDWWRXFKRQWKHSHUFHSWXDOUROHRI WKHKDQG
7KHFODVVHVRI FRJQLWLYHDQGPRWRUPRGHOVRI GUDZLQJFRLQFLGHZLWKWKHGLYLVLRQEHWZHHQ
SUDFWLFDODQGWKHRUHWLFDOPRGHOVFRPLQJIURPSHGDJRJ\DQGVFLHQFHUHVSHFWLYHO\7KLV
UHYHDOVDELDVZLWKLQGUDZLQJHGXFDWLRQWRZDUGVFODLPVWKDWFRJQLWLYHSURFHVVHVKROGWKHNH\
WRGUDZLQJZLWKFRJQLWLRQGHÀQHGDVLQWHUQDOPHQWDOSURFHVVHVRI DWWHQWLRQLQWHUSUHWDWLRQ
DQGUHSUHVHQWDWLRQRI VHQVRU\LQIRUPDWLRQ'UDZLQJSHGDJRJ\LVDOVRJHQHUDOO\IRXQGHGRQ
RFXODUPRGHOVHQWDLOLQJWKDW¶OHDUQLQJKRZWRORRNDWWKLQJV·KROGVWKHNH\WRDFFXUDWHGUDZLQJ
7KLVPHDQVWKDWLQVWUXFWLRQVIRFXVRQWKHSHUFHSWXDOVNLOOVRI WKHH\HDQGEUDLQUDWKHUWKDQ
WHDFKLQJWKHKDQGRUWHDFKLQJWKHH\HDQGKDQGWRLQWHUDFWDQGFRPPXQLFDWH
+RZHYHUWKHÀQGLQJVRI VFLHQWLVWV7FKDOHQNRDQG0LDOO7FKDOHQNRHWDOLQSUHVVDQG
&KDPEHUODLQVXJJHVWWKDWPRWRUVNLOOVDQGFRRUGLQDWLRQFRQWULEXWHWRGUDZLQJDFFXUDF\
VXSSRUWLQJWKHLQWXLWLYHYLHZVRI DUWLVWV.LPRQ1LFRODwGHV-RKQ5XVNLQDQG%ULGJHW5LOH\DOO
RI ZKRPEHOLHYHWKDWWKHPRYHPHQWVRI GUDZLQJDUHFHQWUDOWRWKHSHUFHSWXDOSURFHVV
0RWRUPRGHOVRI GUDZLQJFDQEHIXUWKHUFODVVLÀHGDVHLWKHUEDVHGRQOLQHDUH\HWRKDQG
SHUFHSWLRQWRDFWLRQPRGHOVRUHQDFWLYHSHUFHSWLRQLQDFWLRQPRGHOV$OWKRXJKVRPH
GUDZLQJWKHRULVWVDQGSUDFWLWLRQHUVDUHLQWHUHVWHGLQHQDFWLYHDQGHPERGLPHQWSKLORVRSKLHV
WKLVWHQGVWREHH[SORUHGYLDH[SHULPHQWDODQGSHUIRUPDQFHGUDZLQJUDWKHUWKDQREVHUYDWLRQDO
GUDZLQJVHH)Ri)RUWKHPRVWSDUWIRUDQHQDFWLYHIUDPHZRUNIRUREVHUYDWLRQDO
GUDZLQJZHKDYHWRORRNEH\RQGGUDZLQJSHGDJRJ\WRHQDFWLYHDQGHPERGLHGSHUFHSWLRQ
WKHRU\DVH[SRXQGHGE\SKLORVRSKHUV$OYD1Rs2·5HJDQ*DOODJKHUD
EDQG0HUOHDX3RQW\1RWDEO\DUWLVWV0F&DLQ0F'RQDOGDQG
/\RQVRIIHUWKHVHVWKDWH[SORUHREVHUYDWLRQDOGUDZLQJZLWKLQHPERGLHGSDUDGLJPVDQG
GUDZLQJWKHRULVW0F*XLUNGHYHORSVHQDFWLYHGUDZLQJWKHRU\LQUHODWLRQWRNQRZOHGJH
SURGXFWLRQDQGWKLQNLQJSURFHVVHVRI GUDZLQJ
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Cognitive versus motor processes
2EVHUYDWLRQDOGUDZLQJSHGDJRJ\SV\FKRORJ\DQGSKLORVRSK\DOOIRFXVRQPHQWDOSURFHVVHV
FRJQLWLYHVW\OHVDQGVWUDWHJLHVIRUGUDZLQJVXJJHVWLQJPHQWDOWULFNVWRVXEYHUWQRUPDOHYHU\GD\
ZD\VRI ORRNLQJ0HUOHDX3RQW\WDONVRI WKHDUWLVW¶IUHHLQJ·WKHVXEMHFWS,QThe 
Elements of  Drawing5XVNLQXUJHGVWXGHQWVWRVHHZLWKDQ¶LQQRFHQWH\H·S,Q
$UWDQG,OOXVLRQ*RPEULFKVXJJHVWHGDSV\FKRORJLFDOSURFHVVPRUHFRPSOLFDWHGWKDQ
5XVNLQ·VQRWLRQZKHUHE\VNLOOHGDUWLVWVEXLOGXSIUDPHZRUNVRI NQRZOHGJHVFKHPDWDZKLFK
HYHQWXDOO\HQDEOHWKHPWRGUDZZKLOH%HWW\(GZDUGVWUDLQVVWXGHQWVWR¶VLOHQFH·WKHFKDWWHULQJ
PLQGWKXVDFFHVVLQJDYLVXDO¶GUDZLQJPRGH·VHHDrawing on the Right Side of  the Brain,
(GZDUGVEHOLHYHVWKDW¶«PDQXDOVNLOOLVQRWDSULPDU\IDFWRULQGUDZLQJ,I \RXUKDQGZULWLQJ
LVUHDGDEOHRULI \RXFDQSULQWOHJLEO\\RXKDYHDPSOHGH[WHULW\WRGUDZZHOO·S+HU
WHDFKLQJPHWKRGLVEDVHGRQDFRJQLWLYHSDUDGLJPZKHUHLQGUDZLQJLVIDFLOLWDWHGE\OHDUQLQJ
DSDUWLFXODUZD\RI ORRNLQJWKDWGHSHQGVRQPHQWDOVKLIWVWRGUDZDWWHQWLRQDZD\IURPWKH
SRVVLEOHGLVWRUWLQJLQÁXHQFHRI ZKDWRQHNQRZVDERXWDQREMHFW+HULQVWUXFWLRQVVWHPIURP
GUDZLQJPHWKRGVJRLQJEDFNWR$OEHUWLLQWKHWK&HQWXU\$OEHUWLWKDWKLQJH
RQVROYLQJWKHSUREOHPRI KRZWRPDNHDOLIHOLNHGUHSUHVHQWDWLRQLHKRZWRWUDQVIRUP
IURPYLVLRQRI DGZRUOGWRDGGUDZQLPDJH6LPLODUO\LQThe Elements of  Drawing 
ZULWWHQLQ-RKQ5XVNLQSURSRVHVWKHXVHRI DQRWLRQDO¶LQQRFHQWH\H·WRWU\
WRVHHFOHDUO\E\LJQRULQJSULRUNQRZOHGJHRI DSSHDUDQFHVDQGIRFXVLQJRQWKHFXUUHQWYLVXDO
VHQVDWLRQ,QWKHSDUWLFXODUFRQWH[WRI SDLQWLQJKHSURSRVHGWKH
«UHFRYHU\RI ZKDWPD\EHFDOOHGWKHLQQRFHQFHRI WKHH\HWKDWLVWRVD\
RI DVRUWRI FKLOGLVKSHUFHSWLRQRI WKHVHÁDWVWDLQVRI FRORXUPHUHO\DV
VXFKZLWKRXWFRQVFLRXVQHVVRI ZKDWWKH\VLJQLI\³DVDEOLQGPDQZRXOG
VHHWKHPLI VXGGHQO\JLIWHGZLWKVLJKW5XVNLQS
+RZHYHUKLVWHDFKLQJLQVWUXFWLRQVHPSKDVLVHWKHUROHRI WKHKDQGDVZHOODVWKHH\HXQGHU
WKHSUHPLVHWKDWDVKDUSSHQFLOVKDUSHQVYLVLRQ7KLVUDLVHVWKHLVVXHRI KRZZHGHÀQH
YLVLRQVHHLQJORRNLQJDQGSHUFHSWLRQ6HFWLRQZKLFKIROORZVH[DPLQHVWKHVHGHÀQLWLRQV
DQGVKRZVWKDWPLVXQGHUVWDQGLQJVDULVHIURPDVVXPSWLRQVDERXWZKDWLVPHDQWE\YLVLRQ
VRPHXVHWKHZRUGYLVLRQWRUHIHUWRDEURDGSHUFHSWXDOXQGHUVWDQGLQJUDWKHUWKDQMXVWWKH
LQIRUPDWLRQFDSWXUHGE\WKHH\H7KHUHIRUHZHKDYHWRSURFHHGZLWKFDXWLRQDQGFRQVLGHU
SRVVLEOHLQWHUSUHWDWLRQVRI WKHRULHVDVFULEHGWR5XVNLQ(GZDUGVDQG*RPEULFKVHHArt and 
Illusion $VOLSSDJHVHHPVWRRFFXUZKHUHE\WKHLULGHDVDUHVLPSOLÀHGLQWRDNH\LGHD
DQGSRSXODULVHGHYHQZKHQWKH\DFNQRZOHGJHWKHFRPSOH[LQWHUSOD\RI FRJQLWLYHDQGPRWRU
SURFHVVHVLQYROYHGLQGUDZLQJIURPOLIH
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,QREVHUYDWLRQDOGUDZLQJFODVVHVWHDFKHUVXVLQJVHOHFWLYHDQGDUJXDEO\VLPSOLÀHGHOHPHQWV
RI WKHRU\YDULRXVO\VXJJHVWWKDWVWXGHQWVIRUJHW5XVNLQ*HHUUHPHPEHU
PDNHDFRJQLWLYHVKLIW(GZDUGVDWWHQGWRGHWDLORULPDJLQHWKH\DUHWRXFKLQJWKH
REMHFW1LFRODwGHV7KHVHDUHXVXDOO\H[SODLQHGE\WHDFKHUVLQWHUPVRI WKHPLQGDQG
WKRXJKWGLYRUFHGIURPSK\VLFDODFWLRQDQGQRWHOXFLGDWHGLQWHUPVRI KRZWRXVHPRYHPHQW
WRDFKLHYHGUDZLQJDFFXUDF\3V\FKRORJLVW'DOH&RKHQDVNHG¶ZK\FDQ·WPRVWSHRSOHGUDZ
ZKDWWKH\VHH"·&RKHQ	%HQQHWWDQGDVZHVDZFRQFOXGHGWKDW¶PLVSHUFHSWLRQ·RI 
WKHREMHFWSGHÀQHGDVDGLVWRUWHGLQWHUSUHWDWLRQRI VHQVRU\LQIRUPDWLRQZDV
WKHKXUGOHWRDFFXUDWHUHSUHVHQWDWLRQUDWKHUWKDQDQ\SUREOHPZLWKPDQXDOVNLOORUH\HKDQG
FRRUGLQDWLRQ+RZHYHUWKHUHDUHDIHZH[DPSOHVRI H[SHULHQWLDODFFRXQWVRI H\HDQGKDQG
PRYHPHQWVZLWKVSHFXODWLRQVDERXWKRZWKHVHPD\EHUHODWHGWRSHUFHSWXDODQGFRJQLWLYH
DVSHFWVRI GUDZLQJLQWKHZULWLQJVRI DUWLVW%ULGJHW5LOH\DQGSUDFWLWLRQHUWHDFKHUV5XVNLQDQG
1LFRODwGHV
,QSV\FKRORJ\PXFKRI GUDZLQJUHVHDUFKWKDWH[SORUHVWKHUHODWLRQVKLSEHWZHHQDFWLRQDQG
FRJQLWLRQLVDERXWGHVLJQDQGLQYHQWLRQSURFHVVHVZKHUHGUDZLQJLVIURPLPDJLQDWLRQQRW
IURPREVHUYDWLRQ6HH.LUVK6XZDDQG7YHUVN\.DQWURZLW]D*RHO
7KLVVWHPVIURPDQLQWHUHVWLQYLVXDOWKRXJKWSURFHVVHVDQGKRZZHFDQFRQFHSWXDOLVHDQG
SUREOHPVROYHZLWKH[WHUQDOIRUPXODWLRQVDQGLPDJHV,QWKLVZD\GUDZLQJFDQEHXVHGIRU
UHVHDUFKDVDQDOWHUQDWLYHZD\RI WKLQNLQJDQGXQGHUVWDQGLQJVHH&KDSWHUIRUFRQVLGHUDWLRQ
RI GUDZLQJDQGVNHWFKLQJDVUHVHDUFKPHWKRGRORJ\
,QDUHFHQWTXDOLWDWLYHVWXG\RI KRZDUWVWXGHQWVYLHZDQGXVHREVHUYDWLRQDOGUDZLQJ
SV\FKRORJLVW&KDPEHUODLQIRXQGWKDW
'UDZLQJLVFRQVWUXHGE\WKHLQWHUYLHZHHVDVDQLQWHUQDOODQJXDJHDPHWKRG
RI WKLQNLQJDERXWWKHYLVXDOZRUOG,WLVXVHGE\WKHFXUUHQWVDPSOHDVD
IRUPRI YLVXDOQRWHWDNLQJIRUFLQJWKHDUWLVWWRWKLQNDERXWZD\VLQZKLFK
WRUHSUHVHQWZKDWLVVHHQ0DQ\DUWLVWVXVHREVHUYDWLRQDOGUDZLQJDVDZD\
WRWKLQNWKURXJKDQGH[SHULPHQWZLWKQRYHOLGHDV,QWKLVZD\LWGRHVQRW
UHSUHVHQWDSURFHVVRI SDVVLYHO\FROOHFWLQJSHUFHSWXDOLQIRUPDWLRQIDLWKIXOO\
WUDQVODWHGWRSDSHUEXWDQDFWLYHVHOHFWLRQSURFHVVGHVLJQHGWRGHFRQVWUXFW
WKHYLVXDOHQYLURQPHQWLQYHU\VSHFLÀFZD\VZLWKSDUWLFXODUSLFWRULDOJRDOVLQ
PLQG&KDPEHUODLQS
,QDFDGHPLDPXFKDWWHQWLRQKDVUHFHQWO\EHHQSDLGWRWKHUROHRI GUDZLQJLQNQRZOHGJH
SURGXFWLRQVHH&DLQ0F'RQDOG0F*XLUN6KRZLQJWKDWGUDZLQJLV
NQRZOHGJHSURGXFLQJUHFHLYHVPRUHDWWHQWLRQLQDFDGHPLDWKDQH[SORULQJWKHPHFKDQLFV
RI WKHH\HKDQGFUDIWDQGWKHUHODWLRQVKLSEHWZHHQSHUFHSWLRQDQGDFWLRQ7KLVLVSUREDEO\
URRWHGLQWKHKLVWRULFVSOLWEHWZHHQÀQHDUWDQGFUDIWZLWKWKHLQWHOOLJHQFHDQGFUHDWLYLW\RI 
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WKHIRUPHUSULYLOHJHGRYHUWKHERGLO\NQRZOHGJHDQGVNLOOVRI FUDIW&RPSOH[LVVXHVRI WKH
YDOXHRI QRQSURSRVLWLRQDODQGQRQYHUEDONQRZOHGJHDQGKRZWKHVHFDQEHHYLGHQFHGDUH
QRZKLJKO\UHOHYDQWLQUHODWLRQWRSUDFWLFHEDVHG3K'VDQGHPHUJLQJUHVHDUFKPHWKRGVVHH
0F*XLUN
:LWKLQWKHFRQWHPSRUDU\VFLHQFHRI GUDZLQJWKHUHLVQRZDPRYHWRZDUGVFRQVLGHUDWLRQRI 
WKHSK\VLFVRI GUDZLQJ3V\FKRORJLVW9DQ6RPPHUVVFUXWLQLVHGSURFHVVHVRI 
JUDSKLFSURGXFWLRQIRUNH\VWRDFFXUDF\RI OLQHGUDZLQJ,QKLVHDUOLHUVWXG\KHIRFXVVHGRQ
REVHUYDWLRQRI GUDZLQJEHKDYLRXUDQGVWUDWHJLHVZKLOHKLVODWHUVWXG\PRYHGRQWRFRQVLGHU
FRJQLWLRQLQPRUHGHSWKE\H[SORULQJWKHXVHRI PHPRU\LQGUDZLQJ3K\VLFLVW&RHQ&DJOL
VWXGLHGWKHFRXSOLQJRI H\HDQGKDQGPRYHPHQWVDQG-RKQ7FKDOHQNRFRPSDUHG
QRYLFHDQGH[SHUWPRYHPHQWVWRDVNZKDW¶DOORZV·REVHUYDWLRQDOGUDZLQJVHH7FKDOHQNR
D9DQ6RPPHUVDQG7FKDOHQNRDUHVLJQLÀFDQWLQWKHLUDSSURDFKDVWKH\VLGHOLQH
WKHLVVXHRI ZKDWLVWHUPHGFRQFHSWXDORUSHUFHSWXDOELDVWKHGLVWRUWLQJHIIHFWRI ZKDW\RX
NQRZRQZKDW\RXVHH7KH\IRFXVRQPRYHPHQWVDQGH[HFXWLRQRI REVHUYDWLRQDOGUDZLQJ
7FKDOHQNRSURYLGHVPRGHOVRI H[SHUWH\HDQGKDQGPRYHPHQWVZKLOH9DQ6RPPHUVORRNHG
RQO\DWGUDZLQJH[HFXWLRQDQGSURGXFWLRQUDWKHUWKDQWKHFRQWULEXWLRQRI H\HPRYHPHQWV
7FKDOHQNRDQG0LDOOVWXG\DORZHUSURFHGXUDOPRWRUOHYHORI H\HDQGKDQGPRYHPHQWWKH
DVSHFWVWRZKLFKDUWLVWVDQGWHDFKHUVSD\OHVVDWWHQWLRQ
,QVXPPDU\DUWLVWVDQGWHDFKHUVRI REVHUYDWLRQDOGUDZLQJWDONPRUHDERXWWKHDFWRI ORRNLQJ
WKDQDERXWWKHPRYHPHQWVRI WKHH\HDQGKDQG5XVNLQDQG1LFRODwGHVUHSUHVHQWQRWDEOH
H[FHSWLRQVEXWLWLVUHYHDOLQJRI WKHELDVWRZDUGVRFXODUDQGFRJQLWLYHYLHZVWKDW5XVNLQ·V
¶LQQRFHQWH\H·WKHRU\LVWKHHQGXULQJHOHPHQWRI KLVWHDFKLQJPHWKRG(YLGHQFHRI GLIIHUHQFHV
EHWZHHQQRYLFHDQGH[SHUWGUDZHUVVKRZWKDWDUWLVWVSRVVHVVRUGHYHORSDQXQXVXDOWDVN
VSHFLÀFZD\RI ORRNLQJDWWKLQJVDQGDVSHFLÀFUHODWLRQVKLSEHWZHHQWKHH\HDQGKDQG5HFHQW
ÀQGLQJVIURPH\HWUDFNLQJDQGI05,VWXGLHVVXSSRUWDQDFWLYHYLHZRI YLVLRQIRUHJURXQGLQJ
ERGLO\PRYHPHQWLQWKHOHDUQLQJSURFHVVDQGLQWKHGHYHORSPHQWRI XQGHUVWDQGLQJDQG
SHUFHSWLRQ7FKDOHQNRDQG0LDOO7FKDOHQNRHWDOLQSUHVVK\SRWKHVLVHWKDWEHIRUHZH
GUDZGXULQJDSUHSDUDWLRQVWDJHRXUEUDLQVHQFRGHZKDWZHVHHLQWRDPRWRUSODQUDWKHUWKDQ
LQWRDYLVXDOLPDJH7KHLUWKHRU\ÀWVZLWKLQDWUDGLWLRQDOSDUDGLJPRI SHUFHSWLRQWRDFWLRQ
ZKHUHLQWKHH\HDQGKDQGKDYHGLVWLQFWUROHVZLWKWKHH\HOHDGLQJWKHSURFHVVE\UHFHLYLQJ
LQIRUPDWLRQDQGWKHKDQGH[HFXWLQJWKHGUDZLQJ7FKDOHQNRLVPDNLQJFOHDUWKDWWKHH\HLVSDUW
RI WKHERG\LQYROYHGLQFRPSOH[RQJRLQJUHÁH[LYHFRPPXQLFDWLRQZLWKWKHUHVWRI WKHEUDLQ
DQGWKHERG\7KLVUHSUHVHQWVDVKLIWDZD\IURPDFRQYHQWLRQDOYLHZRI WKHGLVHPERGLHGH\H
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WRZDUGVDQHQDFWLYHIUDPHZRUNRI VWXG\
)URPRXWVLGHGUDZLQJUHVHDUFKVFLHQWLVWVGHEDWHWKHOLQNEHWZHHQSHUFHSWLRQDQGDFWLRQ)RU
H[DPSOHZKLOH0LOQHUDQG*RRGDOHFRQVLGHUHGDFWLRQDQGSHUFHSWLRQWREHSURFHVVHG
VHSDUDWHO\LQWKHGRUVDODQGYHQWUDOVWUHDPVRI WKHEUDLQ*DOOHVHHWDODQG5L]RODWWLHW
DOEHOLHYHIURPWKHLUHPSLULFDOÀQGLQJVWKDWWKHUHLVDOHVVULJLGGLYLVLRQ7KH\IRXQG
VKDUHGYLVXDODQGPRWRUIXQFWLRQIRUSRSXODWLRQVRI QHXURQVLQWKHSDULHWDOOREHVDQGDQ
LQWHUFRQQHFWLRQEHWZHHQYLVXDODQGPRWRUUHSUHVHQWDWLRQVEHJJLQJTXHVWLRQVDERXWDFFHSWHG
GLVWLQFWLRQVEHWZHHQVHQVHDQGDFWLRQ
2.3 Seeing lines - Accounts of  changes in visual 
perception associated with drawing practice
Visual analysis skills
0DQ\DUWLVWVDQGSKLORVRSKHUVKDYHWDONHGRI DFKDQJHLQWKHZD\WKH\EHJLQWRVHHWKLQJVDV
DUHVXOWRI GUDZLQJSUDFWLFH+LVWRULFDOO\PRVWRI WKHDFFRXQWVRI WKLVWUDQVIRUPDWLRQFRPH
IURPDUWWKHRU\DQGHGXFDWLRQ
5RVDQGZULWHVRI /HRQDUGR
$EDVLFOLQHDUVWUXFWXUHEHFDPHKLVZD\RI ERWKVHHLQJDQGUHFRUGLQJDQG
LWLVKDUGO\XQLTXHLQWKHKLVWRU\RI DUWWKDWKDQGDQGH\HVRDFNQRZOHGJH
WKHLUPXWXDOGHSHQGHQFH:LWKSHQRUFKDONLQKDQG/HRQDUGRVDZEHWWHU
7KURXJKJUDSKLFJHVWXUHKHFRXOGPDNHYLVLEOHWKRVHIRUFHVRI QDWXUHWKDW
VHHPHGWROLHEH\RQGWKHWKUHVKROGRI QRUPDOSHUFHSWLRQ5RVDQG
S
7KHDELOLW\WRORRNDWWKLQJVLQDQXQXVXDOZD\LVRIWHQFLWHGDVWKHNH\WRDFFXUDF\LQ
REVHUYDWLRQDOGUDZLQJ7KHUHLVDODUJHERG\RI SKLORVRSKLFDODQGDUWKLVWRULFDOOLWHUDWXUHRQ
DUWLVW·VYLVXDOSHUFHSWLRQPXFKRI LWFRQVLGHUHGVHPLQDOVHHIRUH[DPSOH Cezanne’s Doubt
0HUOHDX3RQW\F$UQKHLP*RPEULFK7KHUHLVDOVRZLGHVXSSRUWIRUWKH
LGHDWKDWDUWLVWVKDYHDGLVWLQFWJD]HDQDOWHUQDWLYHZD\RI ORRNLQJWKDWVLGHWUDFNVHYHU\GD\
ZD\VRI ORRNLQJZKRVHIXQFWLRQLVWRTXLFNO\UHFRJQLVHREMHFWVLQWHUPVRI WKHLUFRPPRQ
FKDUDFWHULVWLFVDQGDFWXSRQWKHP,WLVKHOGWKDWDUWLVWVZLWKLQWHQWWRGUDZORRNIRUPRUH
DEVWUDFWIHDWXUHVRI DSSHDUDQFHOLQHVOLJKWDQGVKDGRZDQGVSDWLDOUHODWLRQVKLSV,Q Prose of  the 
WorldWKHSKLORVRSKHU0HUOHDX3RQW\VSHDNVRI WKHDUWLVW·VDSSURDFK
«WKHSDLQWHUWKURZVDZD\WKHÀVKDQGNHHSVWKHQHW+LVORRNDSSURSULDWHV
FRUUHVSRQGHQFHVTXHVWLRQVDQGDQVZHUVZKLFKLQWKHZRUOGDUHUHYHDOHG
RQO\LQDXGLEO\DQGDOZD\VVPRWKHUHGLQWKHVWXSRURI REMHFWV+HVWULSV
WKHPIUHHVWKHPDQGORRNVIRUDPRUHDJLOHERG\IRUWKHP0HUOHDX3RQW\
S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,QKLVGHVFULSWLRQRI WKHSDLQWHU·VZD\RI ORRNLQJ0HUOHDX3RQW\KLJKOLJKWVWKHFHQWUDOLVVXH
RI KRZDUWLVWVORRNDWUHFRJQLVDEOHWKLQJV'RHVWKHDUWLVWZKHQGUDZLQJIRFXVRQDVSHFWVQRW
XVXDOO\DWWHQGHGWRVXFKDVVSDWLDOUHODWLRQVKLSV"'RWKHVHHOHPHQWVQRUPDOO\JRXQQRWLFHG
LQDXGLEOHDQGVPRWKHUHG"'RRXUH[SHFWDWLRQVDQGSUHFRQFHSWLRQVRI WKHDSSHDUDQFHRI 
WKLQJVJHWLQWKHZD\",VWKLVEHFDXVHWKHREMHFW·VIXQFWLRQLVWKHGRPLQDQWIDFWRUVPRWKHULQJ
VXERUGLQDWHFKDUDFWHULVWLFV"7KHVHTXHVWLRQVDVNHGLQYDULRXVIRUPVXQGHUOLHPRVWUHVHDUFK
LQWKLVDUHD
3V\FKRORJLVW.R]EHOWIRXQGWKDWDUWLVWVKDYH¶SHUFHSWXDODGYDQWDJH·.R]EHOW	6HHOH\
SLQWKDWWKH\RXWSHUIRUPQRQDUWLVWVLQYLVXDODQDO\VLVDQGIRUPUHFRJQLWLRQWDVNV7KH\
DUJXHWKDWWKHVHUHVXOWVFDQEHH[SODLQHGE\WKHZD\YLVXRPRWRUVNLOORSHUDWHVLQDUWLVWV·
PHWKRGVWRRYHUFRPHWRSGRZQFRQFHSWXDOLQÁXHQFHV²ZKDWRQHNQRZVDERXWDQREMHFW
7KH\DUHUHIHUULQJKHUHWRKRZDUWLVWVHQFRGHLQIRUPDWLRQIURPH\HWRKDQGVXJJHVWLQJWKDW
WKH\ÀQGDZD\WRWUDQVODWHZKDWWKH\VHHLQWRGUDZLQJDFWLRQWKDWFLUFXPYHQWVGLVWRUWLRQ
RI WKHLPDJHE\FRQFHSWXDOELDV7KH\DUJXHWKDWWKHVHSHUFHSWXDOVNLOOVVWHPIURPWKH
GHYHORSPHQWRI 
«VSHFLDOL]HGVSDWLDOVFKHPDWDDQGUHODWHGPRWRUSODQV>WKDW@JXLGHDWWHQWLRQ
DQGHQKDQFHWKHSHUFHSWLRQRI VWLPXOXVIHDWXUHVGLDJQRVWLFIRUWKHLGHQWLWLHV
RI REMHFWVDQGVFHQHVLQRUGLQDU\FRQWH[WV.R]EHOW	6HHOH\S
7KH\GHÀQHVFKHPDWDDQGPRWRUSODQVDV¶WZRFODVVHVRI VSHFLDOL]HGH[SHUWNQRZOHGJH>WKDW@
JURXQGSHUFHSWXDOVWUDWHJLHV·DQGDUJXHWKDW¶7KHUHIRUHWKHUHODWLYHSHUIRUPDQFHRI DUWLVWVDQG
QRQDUWLVWVLQYLVXDODQDO\VLVWDVNVLQGLFDWHJHQXLQHSHUFHSWXDOGLIIHUHQFHV·.R]EHOW	6HHOH\
S
+RZHYHU.R]EHOW·VVWXGLHVIRFXVRQWKHSHUFHSWXDOVNLOOVRI H[SHULHQFHGGUDZHUVDQGRQ
FRUUHODWLQJSHUFHSWXDOGHYHORSPHQWZLWKGUDZLQJH[SHULHQFHUDWKHUWKDQRQH[DPLQLQJWKH
QXWVDQGEROWVRI SUDFWLFHWKHWLPLQJDQGLQWHUDFWLRQRI H\HDQGKDQGRUKRZSK\VLFDODVSHFWV
RI SUDFWLFHDIIHFWSHUFHSWLRQ6SHFLÀFDOO\.R]EHOWDQG6HHOH\DQGVHH3HUGUHDX	&DYDQDJK
ZHUHWHVWLQJZKHWKHUSHUFHSWXDOVNLOOVRI DUWLVWVZKRGUDZIURPREVHUYDWLRQWUDQVIHU
LQWRJHQHUDOOLIHLHWKH\¶VHHWKLQJVEHWWHU·DOOWKHWLPHQRWMXVWZKHQWKH\DUHGUDZLQJ7R
WKLVHQGWKHLUH[SHULPHQWVXVXDOO\GRQRWLQYROYHDQ\GUDZLQJ7KLVUHVWVRQWKHSUHPLVHWKDW
SHUFHSWLRQLVFDUULHGRXWE\WKHH\HDORQHDQGWKDWSHUFHSWLRQDQGDFWLRQFDQEHVHSDUDWHG
IRUH[SHULPHQWDOSXUSRVHV,QDVLPLODUYHLQDQLQWHUGLVFLSOLQDU\JURXSRI DUWWHDFKHUVDQG
SV\FKRORJLVWV&KDPEHUODLQHWDOEDQG&KDPEHUODLQLQKHU3K'WKHVLVIRFXVHG
RQWKHFRUUHODWLRQEHWZHHQYLVXDOSHUFHSWXDOVNLOOVDQGGUDZLQJH[SHUWLVH+HUUHVXOWVIURP
VWUXFWXUDOEUDLQVFDQQLQJWHVWVVXJJHVWWKDWLQOLQHZLWK7FKDOHQNRDQG0LDOO·VÀQGLQJV
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YLVXRPRWRUSURFHVVHVSURFHGXUDOPHPRU\DQGÀQHPRWRUFRQWUROPD\SOD\VLJQLÀFDQWUROHV
LQWKHGHYHORSPHQWRI ORQJWHUPGUDZLQJH[SHUWLVHS
*OD]HNIRXQGWKDW
([SHUWYLVXDODUWLVWVGLIIHUIURPQRQDUWLVWVLQWKHLUSDWWHUQVRI HQFRGLQJ
WREHUHQGHUHGVWLPXOLZKLFKKDVLPSOLFDWLRQVIRUFRJQLWLYHSURFHVVLQJ
FKDQJHVLQH[SHUWVJHQHUDOO\
and 
7KHUHVXOWVVXJJHVWWKDWDUWLVWVSRVVHVVERWKGRPDLQVSHFLÀFDQGGRPDLQ
LQGHSHQGHQWDGYDQWDJHVLQWKDWWKH\KDYHPRUHHIÀFLHQWYLVXDOHQFRGLQJ
DQGPRWRURXWSXWSDWWHUQVWKDQQRQDUWLVWVZKHQUHQGHULQJDVZHOODV
VXSHULRUYLVXDOHQFRGLQJ*OD]HNS
+RZHYHU*OD]HN·VPHWKRGGLGQRWGLIIHUHQWLDWHEHWZHHQGUDZLQJSUDFWLWRQHUVDQGYLVXDO
DUWLVWV&KDPEHUODLQIRXQGWKDWGUDZHUVKDYHGLVWLQFWSHUFHSWXDOVNLOOV6KHLQYHVWLJDWHGWKH
QHXUDOEDVLVRI UHSUHVHQWDWLRQDOGUDZLQJLQDVWUXFWXUDOEUDLQVFDQQLQJVWXG\XVLQJ9R[HO
%DVHG0RUSKRPHWU\9%0RI VWUXFWXUDOZKLWHDQGJUH\PDWWHUGLIIHUHQFHVDVVRFLDWHGZLWK
DUWLVWLFDELOLW\DQGGUDZLQJDFFXUDF\7KHVWXG\UHYHDOHG¶FKDQJHVLQJUH\PDWWHUDQGZKLWH
PDWWHULQPRWRUVWUXFWXUHVLQUHODWLRQWRGUDZLQJDELOLW\DQGLQWKHSUHFXQHXVLQUHODWLRQWR
DUWLVWLFDELOLW\·&KDPEHUODLQS6KHIRXQGWKDWLQFUHDVHGYROXPHRI JUH\PDWWHULQ
WKHOHIWDQWHULRUOREHRI WKHFHUHEHOOXPZKLFKLVLQYROYHGLQPRWRUFRRUGLQDWLRQFRUUHODWHG
ZLWKGUDZLQJDFFXUDF\+HUÀQGLQJVDOWKRXJKWHQWDWLYHDQGIURPDVPDOOVDPSOHJURXS
VXJJHVWWKDWGUDZLQJSUDFWLFHPD\DOWHUEUDLQVWUXFWXUH
Sharpened perception
5XVNLQFRQWUDU\WRWKHDFFHSWHGYLHZWKDWKHDGYRFDWHGWKH¶LQQRFHQWH\H·DVWKHNH\WR
DFFXUDWHGUDZLQJLQIDFWDUJXHGVWURQJO\IRUSULRUNQRZOHGJHRI QDWXUHDQGDQDWRP\
DQGHVSHFLDOO\HPSKDVLVHGWKHUROHRI WKHKDQGDQGSHQFLOWR¶VKDUSHQ·YLVLRQVHH5XVNLQ
S7KHFRQFHSWRI WKHLQQRFHQWH\HVWHPVIURPWKHLGHDRI DSXUHYLVLRQZKDW
LVLQVFLHQFHFDOOHGDERWWRPXSYLHZXQLQÁXHQFHGE\SULRUNQRZOHGJHDQGH[SHULHQFH,Q
The Elements of  DrawingZULWWHQLQ5XVNLQXUJHGVWXGHQWVWRVHHDQGGUDZ
ZKDWZDVLQIURQWRI WKHP7ZR\HDUVSULRUWRZULWLQJKHKDGEHJXQWRWHDFKGUDZLQJDQG
KHKDGKLPVHOI GUDZQVLQFHKLV\RXWK:KLOHKHGRHVZULWHWKDWVLJKWLVWKHPRVWLPSRUWDQW
HOHPHQW¶,EHOLHYHWKDWWKHVLJKWLVWKHPRUHLPSRUWDQWWKLQJWKDQWKHGUDZLQJ·DQG¶)RU,
DPQHDUO\FRQYLQFHGWKDWZKHQRQFHZHVHHNHHQO\HQRXJKWKHUHLVYHU\OLWWOHGLIÀFXOW\LQ
GUDZLQJZKDWZHVHH·5XVNLQSLQIDFWWKHSLFWXUHSURYHVPRUHFRPSOLFDWHG
,QKLVLQVWUXFWLRQVDQGWHDFKLQJPHWKRGVKHHPSKDVLVHVSUDFWLFHRI WKHKDQGDQGSHQFLO
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+HGHVLUHGWKDWKLVV\VWHPVKRXOG¶HQFRXUDJHUHÀQHPHQWRI LQGLYLGXDOSHUFHSWLRQWRWUDLQ
WKHH\HLQFORVHREVHUYDWLRQRI QDWXUDOEHDXWLHVDQGWKHKDQGLQGHOLFDF\DQGSUHFLVLRQRI 
PDQLSXODWLRQ·/DZUHQFH&DPSEHOOLQ5XVNLQSYLL7KHKDQGIRU5XVNLQLVDWWKH
URRWRI GUDZLQJDVGLVFXVVHGLQPRUHGHWDLOLQVHFWLRQEHORZ7KLVFRQWUDVWVZLWK(GZDUGV·
YLHZWKDWFRJQLWLYHNH\VWRORRNLQJFDQXQORFNWKHVHFUHWVRI GUDZLQJZLWKRXWWKHQHHGIRU
H[WHQVLYHGUDZLQJSUDFWLFH6HFWLRQEHORZRXWOLQHV5XVNLQ·VDGYLFHWRVWXGHQWVVKRZLQJ
WKDWKHLVDQDGYRFDWHRI H[SHULHQFHDQGERGLO\NQRZKRZ+LVLQVWUXFWLRQVRIIHUDPRGHORI 
H[SHULHQWLDONQRZOHGJH
What movement might tell us about perceptual ‘style’
3V\FKRORJLVW9DQ6RPPHUVDUJXHVWKDW¶QRUPDOSHUFHSWXDOFRPPHUFHZLWKREMHFWV·LV
LQDGHTXDWHIRUWKHWDVNRI GUDZLQJDQGWKDWZKLOHVHYHUDOVW\OHVRI SHUFHSWXDODQDO\VLV
¶ZRXOGEHDGHTXDWHIRUUHFRJQLWLRQ«QRWDOODUHHTXDOO\VXLWDEOHDVDEDVLVIRUGUDZLQJ·9DQ
6RPPHUVS7KURXJKH[WHQVLYHREVHUYDWLRQDQGYLGHRUHFRUGLQJRI WKHH[HFXWLRQ
RI GUDZLQJKHDVNVZKDWDUHDQGKRZGRZHDFTXLUHWKHSDUWLFXODUSHUFHSWXDOVNLOOVQHHGHG
IRUDFFXUDWHGUDZLQJIURPOLIH+LVEURDGUDQJLQJVWXG\GRFXPHQWHGLQDrawing and Cognition 
IRFXVHVRQKRZJUDSKLFSURGXFWLRQPD\UHYHDOWKHVHVXLWDEOHVW\OHV$OWKRXJKKH
UHFRJQLVHVWKHQHHGIRUDVSHFLÀFSHUFHSWXDOVW\OHKHGRHVQRWGHVFULEHLWUDWKHUKHIRFXVHVRQ
WKHFRUUHODWLRQEHWZHHQREVHUYDEOHEHKDYLRXUDQGDFFXUDWHFRS\LQJDQGGUDZLQJDVVXPLQJWKH
H[LVWHQFHRI WKLVHOXVLYHDQGSDUWLFXODUZD\RI JDWKHULQJLQIRUPDWLRQIRUGUDZLQJ
,QUHODWLRQWRH\HDQGKDQGPRYHPHQWV7FKDOHQNRIRXQGWKDWLQJHQHUDODUWLVWVXVHGORQJHU
À[DWLRQVZKHQGUDZLQJWKDQLQHYHU\GD\OLIHVXJJHVWLQJWKDWYLVLRQIRUGUDZLQJLVXQXVXDO²D
VSHFLDOIRUPRI ZKDWKHUHIHUVWRDV¶YLVXDOFDSWXUH·WKHFROOHFWLQJRI YLVXDOLQIRUPDWLRQ
%HJLQQHUVSHUFHLYHGWKHRULJLQDOLQDZD\QRWDSSURSULDWHIRUWKHWDVNRI 
GUDZLQJ7KLVPDGHLWGLIÀFXOWWRWUDQVIRUPWKHH[WHUQDOZRUOGHYHQD
WZRGLPHQVLRQDOJURXSRI OLQHVLQWRDQDFFXUDWHUHSURGXFWLRQ7FKDOHQNR
DS
+RZHYHU7FKDOHQNRWDNHVDVWHSEDFNIURPDVVXPSWLRQVDERXWDFFXUDF\DQGFRQFHSWXDO
ELDVDQGDSSURDFKHVWKHSUREOHPDQGTXHVWLRQRI DFFXUDWHGUDZLQJIURPWKHSHUVSHFWLYHRI 
SK\VLFDODFWLRQ7KLVLVRXWOLQHGLQPRUHGHWDLOEHORZLQVHFWLRQZKLFKUHYLHZVVFLHQWLÀF
REVHUYDWLRQVRI FKDQJHVLQEHKDYLRXUWKDWPD\FRUUHODWHZLWKFKDQJHVLQSHUFHSWLRQ
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2.4 Teaching paradigms – Cognitive hurdles and 
keys to drawing
7KLVVHFWLRQUHYLHZVDUDQJHRI WHDFKLQJPHWKRGVSXWLQWRFRQWH[WZLWKWKHRULHVDQG
K\SRWKHVHVDERXWFRJQLWLYHDQGH[HFXWLYHKXUGOHVDQGNH\VWRGUDZLQJ7HDFKLQJSDUDGLJPV
DUHPRVWO\FRJQLWLYHO\EDVHGWHQGLQJWRZDUGVDGLVHPERGLHGYLHZRI WKHH\HDQGSHUFHSWLRQ
DQGKROGLQJWKDWWKHH\HLVWKHNH\WRGUDZLQJ7KLVVHFWLRQH[DPLQHV5XVNLQ·VDQG.LPRQ
1LFRODwGHV·DSSURDFKHVWRGUDZLQJLQVWUXFWLRQVDQGDUJXHVWKDWWKH\SRLQWWRDPRUH
HPERGLHGYLHZRI WKHGUDZLQJSURFHVV3HUFHSWLRQWKHRU\LVH[SORUHGLQJUHDWHUGHSWKLQ
6HFWLRQVDQGEHORZ
Declarative knowledge and conceptual bias impede accuracy
([WHQVLYHOLWHUDWXUHLQFRJQLWLYHVFLHQFHDUWWKHRU\DUWHGXFDWLRQDQGSKLORVRSK\GRFXPHQWV
WKHLGHDWKDWZKDWZHNQRZDERXWDQREMHFWLQÁXHQFHVKRZZHGUDZLW7KLVZKHQWDONLQJ
DERXWGUDZLQJIURPOLIHKDVEHHQIUDPHGDVDSUREOHPWREHRYHUFRPHDUWLVWVVHHNWR
PLQLPLVHWKLVELDVUHIHUUHGWRDVFRQFHSWXDOELDVEHFDXVHRXUFRQFHSWRI WKHREMHFWGRPLQDWHV
RXUXQGHUVWDQGLQJUDWKHUWKDQRXUYLVXDOSHUFHSWLRQRI LW7HDFKHUVSURSRVHWKDWVWXGHQWV
IRFXVWKHLUYLVLRQRQGHWDLOVRQOLQHVDQGOLJKWDQGSXUSRVHIXOO\LJQRUHWKHPHDQLQJRI WKH
ZKROH7KLVKDVEHHQDUHFXUULQJFRQFHUQRI DUWLVWVWHDFKHUVDQGWKHRULVWVVXFKDV$OEHUWL'D
9LQFL5XVNLQ)U\*RPEULFKDQG%HWW\(GZDUGVDQGVHYHUDOWHDFKLQJSDUDGLJPVVWHPIURP
WKLVIRUH[DPSOHWKHLQVWUXFWLRQWR¶GUDZQHJDWLYHVSDFH·
$UWKLVWRULDQ(UQVW*RPEULFKWULHGWRXQGHUVWDQGDUWLVWV·HIIRUWVWKURXJKRXWKLVWRU\
WRDFFXUDWHO\UHSUHVHQWWKHYLVXDOZRUOG+HTXHVWLRQHG5XVNLQ·VLQQRFHQWH\HWKHRU\DUJXLQJ
WKDWWKHLQQRFHQWH\HZDVDQXQDWWDLQDEOHIDQWDV\+HWKRXJKWWKDWWKHH[SHULHQFHGGUDZHU
XVHVIUDPHVRI UHIHUHQFHIURPWKHLUH[SHULHQFHWRPDNHVHQVHRI ZKDWWKH\VHH7KHVHIUDPHV
RI UHIHUHQFHZKLFKKHUHIHUUHGWRDV¶VFKHPDV·LQFOXGHDFTXLUHGNQRZOHGJHDERXWREMHFWV
DQGPRVWLPSRUWDQWO\IRUWKHGUDZHUOHDUQWNQRZOHGJHDERXWKRZWRORRNDWWKHREMHFW,Q
SV\FKRORJ\WKHVHWZRW\SHVRI NQRZOHGJHDUHWHUPHGGHFODUDWLYHDQGSURFHGXUDOWKHIRUPHU
EHLQJNQRZOHGJHWKDWFDQEHYHUEDOLVHGGHFODUHGDQGWKHODWWHUNQRZOHGJHRI KRZWRGR
WKLQJVZKLFKPD\EHWDFLWDQGKDUGWRSXWLQWRZRUGV+HZDVLQDJUHHPHQWZLWK5XVNLQWKDW
WKHGUDZHUQHHGVWRORRNDWWKHREMHFWLQDSDUWLFXODUGLIIHUHQWZD\EXWKHOGLVVXHZLWKWKH
SDUDGLJPRI WKHLQQRFHQWH\H7KURXJKFORVHUHDGLQJRI WKHLUWZRVHPLQDOWH[WV*RPEULFK
5XVNLQLWEHFRPHVHYLGHQWWKDWWKHWZRSRVLWLRQVDUHFRPSDWLEOHZKHQ
5XVNLQ·V¶LQQRFHQWH\H·LVXQGHUVWRRGDVDGUDZLQJVWUDWHJ\DQGDSSURDFKLHLWVHOI DSURFHGXUDO
68 69
VFKHPD%UHDNLQJ5XVNLQ·VPRGHOGRZQLQWRHOHPHQWVUHYHDOVKLVEHOLHI WKDWGHFODUDWLYH
NQRZOHGJHLHNQRZLQJDERXWWKHREMHFWDQGLWVIXQFWLRQDOVRSOD\VDVLJQLÀFDQWUROHLQ
DFFXUDWHGUDZLQJ
:KLOHGHFODUDWLYHNQRZOHGJHLVPRUHRIWHQDVRXWOLQHGDERYHFLWHGDVDQREVWUXFWLRQWR
DFFXUDWHGUDZLQJ5XVNLQDGYRFDWHVWKHDFTXLVLWLRQRI DFDWDORJXHRI LQIRUPDWLRQDERXW
QDWXUHDQGEHOLHYHVWKDWWKLVNQRZOHGJHZLOOKHOSZLWKGUDZLQJ*RPEULFK·VQRWLRQRI 
VFKHPDSRVLWVWKDWDUWLVWVKDYHERWKSURFHGXUDODQGGHFODUDWLYHIUDPHZRUNVWKDWHQDEOH
DFFXUDWHUHSUHVHQWDWLRQDOGUDZLQJ3V\FKRORJLVW.R]EHOWVXSSRUWVWKLVWKHRU\DQGKDVEHJXQ
GHYHORSLQJDQGWHVWLQJLWHPSLULFDOO\$VPHQWLRQHGDERYHFHQWUDOWRKLVWKHVLVLVWKHLGHDWKDW
PRWRUSODQVLHWKHHQFRGLQJRI VHQVRU\YLVXDOLQIRUPDWLRQLQWRDSODQIRUKRZWRPRYHWKH
KDQGDQGSHQFLOUHGXFHWKHELDVRI SULRUGHFODUDWLYHNQRZOHGJHDERXWWKHREMHFW.R]EHOW
7KHVHYDULRXVWKHRULHVDOOIRFXVRQWKHH\HDVWKHNH\WRVROYLQJWKH¶FRQFHSWXDOELDV·
SUREOHPVXJJHVWLQJFRJQLWLYHVWUDWHJLHVRI YLVXDODWWHQWLRQWRRYHUFRPHWKHLQÁXHQFHRI 
NQRZOHGJHRQSHUFHSWLRQ
7FKDOHQNRVWDWHVWKDWKLVRZQUHFHQWÀQGLQJVRQQRYLFHGUDZHUVERWKFRQWUDGLFWDQGFRQÀUP
&RKHQ·VYLHZDERXW¶PLVSHUFHSWLRQ·RI WKHREMHFW
7KHQRWLRQLVFRQWUDGLFWHGEHFDXVHXQGHUWKHVHFLUFXPVWDQFHVLWLVXQOLNHO\
WKDWWKH\XVHGSULRULQIRUPDWLRQRQZKDWD¶¶W\SLFDOµOHIWDUPVHHQIURPWKH
EDFNORRNHGOLNH7KHHYLGHQFHVXJJHVWVWKDWWKH\DWWHPSWHGWRUHSURGXFH
*DXGLHU%U]HVFD·VOLQHVEXWFRXOGRQO\GRVRZLWKHUURUVRI VL]HSURSRUWLRQ
DQGVKDSH2QWKHRWKHUKDQGWKHQRWLRQLVFRQÀUPHGEHFDXVHSHUFHSWLRQ
RI WKHRULJLQDOQHYHUWKHOHVVVHHPHGWREHDWWKHURRWRI FRS\LQJ
LQDFFXUDFLHV7FKDOHQNRDS
7KHLPSRUWDQWSRLQWKHUHLVWKDWPLVSHUFHSWLRQFDQRFFXUHYHQZKHQVRPHRQHGRHVQRWKDYH
DSUHFRQFHSWLRQFDXVHGE\ZKDWWKH\NQRZDERXWWKHREMHFW$¶PLVSHUFHSWLRQ·PD\EHRI WKH
VKDSHRUSRVLWLRQRI DOLQH7KLVUDLVHVWKHSRVVLELOLW\WKDWPLVSHUFHSWLRQPD\QRWEHEDVHGRQ
FRQFHSWXDOELDVEXWUDWKHURQDODFNRI SHUFHSWXDOVNLOOWRVHHZKDWLVWKHUH7KLVFRQQHFWVZLWK
*RPEULFK·VWKHRU\RI IUDPHZRUNVRI NQRZOHGJHWKDWHQDEOHDUWLVWVWRGUDZDFFXUDWHO\DVZHOO
DVWKHLGHDWKDWGUDZLQJHQWDLOVDFRPSOH[LQWHUSOD\DQGÁH[LEOHDSSOLFDWLRQRI QHZDQGROG
NQRZOHGJHDSSURSULDWHWRWKHVLWXDWLRQ7KLVLVIXUWKHUH[SRXQGHGE\0DUN-RKQVRQ·V
H[DPLQDWLRQRI KRZVFKHPDVDUHDGRSWHGDQGKRZWKH\RSHUDWH7KLVSRLQWVWRWKHLGHDWKDW
H[SHULHQFHDQGKRZZHOHDUQIURPDQGDSSO\H[SHULHQFHDUHWKHNH\WRGHYHORSPHQWDQG
KHQFHWRWUDQVIRUPDWLRQ
«LQRUGHUIRUXVWRKDYHPHDQLQJIXOFRQQHFWHGH[SHULHQFHVWKDWZHFDQ
FRPSUHKHQGDQGUHDVRQDERXWWKHUHPXVWEHSDWWHUQDQGRUGHUWRRXU
DFWLRQVSHUFHSWLRQVDQGFRQFHSWLRQV$VFKHPDLVDUHFXUUHQWSDWWHUQ
VKDSHDQGUHJXODULW\LQRURIWKHVHRQJRLQJRUGHULQJDFWLYLWLHV7KHVH
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SDWWHUQVHPHUJHDVPHDQLQJIXOVWUXFWXUHVIRUXVFKLHÁ\DWWKHOHYHORI RXU
ERGLO\PRYHPHQWWKURXJKVSDFHRXUPDQLSXODWLRQRI REMHFWVDQGRXU
SHUFHSWXDOLQWHUDFWLRQV-RKQVRQS
8VLQJ7FKDOHQNR·VWHUPVLQDSSURSULDWHZD\VRI SHUFHLYLQJDUHRIWHQFRQVLGHUHGWRHQWDLOWKH
JLYLQJRI PHDQLQJWRWKHREMHFWZKLFKEORFNVDFFXUDWHGUDZLQJEHFDXVHDQLGHDRUFRQFHSWRI 
WKHREMHFWLVGUDZQZKLFKPD\QRWPDWFKWKHSDUWLFXODUYLHZLQIURQWRI WKHH\H:KLOH9DQ
6RPPHUVSUHVHQWVÀQGLQJVGHPRQVWUDWLQJWKDWPHDQLQJKDVDQ¶LPSDFWRQH[HFXWLYHVWUDWHJLHV·
SSLQXQWUDLQHGDUWLVWVVSHFLÀFDOO\LQWKHVHTXHQFHRI JUDSKLFSURGXFWLRQIRU
H[DPSOHGUDZLQJWKHHJJFXSEHIRUHWKHHJJKHGRHVQRWFRQFOXGHWKDWVXFKLGHQWLÀFDWLRQ
QHFHVVDULO\OHDGVWRGLVWRUWLRQ+HRQO\EULHÁ\FRQVLGHUVWKHUROHRI FRQFHSWXDOELDVIRU
H[DPSOHDFRQFHSWRI ZKDWDWKLQJORRNVOLNHDQDUFKHW\SHRUFDQRQLFDOYLHZRUNQRZOHGJH
RI ZKDWLWGRHVLWVIXQFWLRQ+HUHIHUVWRWKLVDV¶VHPDQWLFFRQWDPLQDWLRQ·DQG¶VXEMHFW
PDWWHUELDV·S+HVWDWHVWKDWKHGLGQRWÀQGDQ\FRQFOXVLYHHYLGHQFHRI ELDVDIIHFWLQJ
GUDZLQJDFFXUDF\SRVVLEO\EHFDXVHKHZDVQRWORRNLQJIRULWEXWWKDWKHGRHVQRWUXOHLWRXW
DVDIDFWRU
+RZHYHUKHDUJXHVWKDWLQVRPHFDVHVXQGHUVWDQGLQJDQREMHFWPD\OHDGWRJUHDWHUDFFXUDF\
DQGKHGHPRQVWUDWHVWKLVLQWHVWVRI WKHSURFHVVRI GUDZLQJRI NQRWV+HIRXQGWKDW
SDUWLFLSDQWVGUHZPRUHDFFXUDWHO\WKDQNVWRWKHLUNQRZOHGJHRI IRUPDWLRQRI NQRWV
SS.QRZOHGJHRI ZKDWLVSRVVLEOHDQGRI SK\VLFDOSURFHVVHVDQGVLWXDWLRQVFDQ
FRQWULEXWHWRUDWKHUWKDQGHWUDFWIURPDFFXUDF\RI GUDZLQJ+HUHZHÀQGDFRQQHFWLRQ
EHWZHHQKLVDQG5XVNLQ·VSRLQWRI YLHZ7KHLVVXHLVQRWDVVLPSOHDVRQHRI VHHNLQJDSXUH
LQQRFHQWYLVLRQRULJQRULQJZKDW\RXNQRZ9DQ6RPPHUV·UHVHDUFKRQWKHSK\VLFDOHOHPHQWV
RI GUDZLQJEULQJVDWWHQWLRQWRWKHFRPSOH[LW\RI WKHLQÁXHQFHRI WKHVHYDULRXVIRUPVRI 
NQRZOHGJHRQDFFXUDF\RI GUDZLQJDQGWKHQHFHVVLW\WRFRQVLGHUWKHHIIHFWVRI H[HFXWLYH
VWUDWHJLHV,QWHUHVWLQJO\%HWW\(GZDUGV·GUDZLQJFRXUVHLQFOXGHVDVHVVLRQWHDFKLQJDERXW
KRZOLJKWIDOOVVHH(GZDUGVSVXJJHVWLQJWKDWGHVSLWHZLGHVSUHDGHPSKDVLVRQ
DQRWLRQDOSXUHERWWRPXSSHUFHSWLRQDQGRQ¶GUDZLQJIURPSHUFHSWLRQ·DUWLVWVDFTXLUHD
EDWWHU\RI NQRZKRZDQGXQGHUVWDQGLQJRI SK\VLFVDQGQDWXUH:KLOH9DQ6RPPHUVEHJLQV
DGLVFXVVLRQRQWKHLVVXHRI ¶VXEMHFWPDWWHUELDV·KHLVUHOXFWDQWWRGUDZDQ\FRQFOXVLRQV
WKLVQRWEHLQJWKHIRFXVRI KLVUHVHDUFK+HGRHVKRZHYHUFRQVLGHULWDVHULRXVLVVXHGHVSLWH
GLIÀFXOWLHVLQGLUHFWO\OLQNLQJ¶IDLOXUHLQSHUIRUPDQFHWRDIDLOXUHLQSHUFHSWXDODQDO\VLV·
SKHEHOLHYHVWKDWWKHUHLVHYLGHQFHIURP¶«WKHQDWXUHRI HUURUVLQGUDZLQJDQGFRS\LQJ
WKDWVRPHWKLQJDVVRFLDWHGZLWKSHUFHSWLRQLVRIWHQLQYROYHG·S
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Betty Edwards and the right brain
(GZDUGVEHOLHYHVWKDWGUDZLQJGHSHQGVRQSHUFHSWXDOVNLOOVWKDWFDQEHOHDUQHGPRVWHDVLO\
E\PDNLQJDFRJQLWLYHVKLIWIURPDYHUEDOGHFODUDWLYHPRGHWRDYLVXDOVSDWLDOPRGH6KH
HPSKDVLVHVWKDWWKLVLVDQHZZD\RI ORRNLQJGLVWLQFWIURPHYHU\GD\YLVLRQ)XUWKHUPRUH
VKHDVVHUWVWKDWWKLVFDQEHOHDUQWTXLFNO\HLWKHUWKURXJKKHUERRNRURQRQHRI KHU
LQWHQVLYHGD\FRXUVHVIRUEHJLQQHUV(GZDUGVWHDFKHVÀYHSHUFHSWXDOVNLOOVWKDWVKHEHOLHYHV
DUHQHHGHGWRGUDZDQ\SHUFHLYHGREMHFWSHUVRQRUSODFH7KHVHDUH7KHSHUFHSWLRQRI HGJHV
WKHSHUFHSWLRQRI VSDFHVWKHSHUFHSWLRQRI DQJOHVDQGUHODWLRQVKLSVWKHSHUFHSWLRQRI OLJKWV
DQGVKDGRZVDQGWKHSHUFHSWLRQRI WKH*HVWDOWRUZKROHZKLFKVKHVWDWHVFRPHVIURPWKH
SUHYLRXVIRXUSHUFHSWXDOVNLOOV6KHEDFNVXSKHUWHDFKLQJPHWKRGVZLWKDFRJQLWLYHDUJXPHQW
VWDWLQJWKDWWKHOHIWKHPLVSKHUHRI WKHEUDLQGHDOVZLWKYHUEDODQDO\WLFDOPDWWHUVZKLOHWKH
ULJKWKHPLVSKHUHGHDOVZLWKQRQYHUEDOVSDWLDOPDWWHUV6KHDVVHUWVWKDWWKHULJKWVLGHRI WKH
EUDLQ¶ZRUNV·IRUGUDZLQJDQGWKDWVWXGHQWVVKRXOGWU\WRVXSSUHVVDFWLYLW\RI WKHOHIWEUDLQ
ZKLOHWKH\GUDZ7KHH[SODQDWLRQLVJLYHQLQYHU\VLPSOHWHUPVUHIHUULQJWRWKHULJKWVLGHRI 
WKHEUDLQDVWKHSHUFHSWXDOVLGHDQGWKHOHIWDVWKHDQDO\WLFDOYHUEDOVLGH)RU(GZDUGVGUDZLQJ
LQYROYHVWXUQLQJRII WKHOHIWKHPLVSKHUHDQGDOORZLQJWKHULJKWSHUFHSWXDOVLGHRI WKHEUDLQWR
WDNHRYHU
+HUHQFRXQWHULQZLWKSV\FKRELRORJLFDOUHVHDUFK6SHUU\OHGWRDKXQFKDERXW
ZKDWPD\EHJRLQJRQLQWKHEUDLQRI WKHGUDZHUDQGDQRQJRLQJFXULRVLW\DERXWFRJQLWLYH
DVSHFWVRI WKHDFWRI GUDZLQJ$VZLWK5XVNLQ·VLQQRFHQWH\H(GZDUGV·¶GUDZLQJEUDLQ·PD\
QRWH[DFWO\PDWFKUHDOLW\LQVRIDUDVH[LVWLQJLQRQHVSHFLÀFFHUHEUDOORFDWLRQEXWWKHFRQFHSW
VHUYHVDSXUSRVHIRUOHDUQLQJWRGUDZ'HVSLWHZLGHVSUHDGVFHSWLFLVPDERXWKHPLVSKHULF
GLIIHUHQFHVFXUUHQWQHXURVFLHQFHLVUHWXUQLQJWRDYLHZPRUHLQNHHSLQJZLWK(GZDUGV·LGHDV
DERXWWKHIXQFWLRQVRI ULJKWDQGOHIWEUDLQVHH.DQGHO:KLOHPRVWVFLHQWLVWVQRZ
ZDUQDJDLQVWYLHZVFODLPLQJWKDWWKHKHPLVSKHUHVPD\RSHUDWHVHSDUDWHO\DQGFRQWUROVSHFLÀF
EHKDYLRXUVWKHUHLVFRQVHQVXVWKDWWKHKHPLVSKHUHVKDYHGLVWLQFWIXQFWLRQVFRRSHUDWLQJLQWKH
H[HFXWLRQRI SHUFHSWXDODQGFRJQLWLYHSURFHVVHV%URDGO\EDVHGRQLWVOLQJXLVWLFGRPLQDQFH
WKHOHIWKHPLVSKHUHLVWKRXJKWWRRSHUDWHLQDQDQDORJXHOLQHDURUJDQLVLQJZD\H[SHUWDWIDVW
SURFHVVLQJDQGRUJDQLVDWLRQRI LQIRUPDWLRQLQWRFKURQRORJLFDO¶VWRULHV·WKDWPDNHVHQVH)URP
WKLVYLHZWKHLPSOLFDWLRQLVWKDWWKHZKROHEUDLQLVFUXFLDOIRUREVHUYDWLRQDOGUDZLQJZLWK
WKHKHPLVSKHUHVLQWHUDFWLQJLQWKHLUUROHVZLWKWKHULJKWSHUFHLYLQJWKHZKROHDQGWKHOHIW
FRQVWUXFWLQJDVWRU\ZLWKOLQHVDURXQGWKLQJVDQGGLVWLQFWSDUWVVWDQGLQJRXWIURPWKHJURXQG
+HULGHDRI DFRJQLWLYHVKLIWUDLVHVWKHTXHVWLRQRI ZKHWKHUWKHKDQGQHHGVWRSUDFWLVHGUDZLQJ
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DWDOOZLWKWKHLPSOLFDWLRQWKDWWKHPDSSLQJIURPGWRGDQGIURPSHUFHSWLRQWRDFWLRQLV
DVLPSOHSUREOHPVROYHGE\ORRNLQJDWWKLQJVGLIIHUHQWO\
Know-how
7KHPHVWKDWHPHUJHDVSUDFWLFDO¶NH\V·WRGUDZLQJUHODWHWRSURFHGXUDONQRZOHGJHRI KRZ
WRDSSURDFKWKHSURFHVVLHGUDZLQJNQRZKRZERWKLPSOLFLWDQGH[SOLFLW0RVWWKHRULHV
RI NQRZKRZIRFXVRQVWUDWHJLHVRI RFXODUYLVXDODWWHQWLRQUDWKHUWKDQWKHKDQGRUH\H
KDQGFRRUGLQDWLRQDQGFRPPXQLFDWLRQ5XVNLQ·VLQQRFHQWH\HLVDIRUPRI DWWHQWLRQDO
VWUDWHJ\UHTXLULQJWKHGUDZHUWRIRFXVRQSDUWLFXODUYLVLEOHTXDOLWLHVRI REMHFWVDQGVFHQHV
7KHLQQRFHQWH\HDSSURDFKLVDOVRIUDPHGDV¶IRUJHWWLQJDERXWWKLQJV·DZD\RI ORRNLQJDQG
DWWHQGLQJZLWKRXWWKLQNLQJDERXWGHFODUDWLYHNQRZOHGJHDQGPHPRULHVUHODWLQJWRWKHWKLQJWR
EHGUDZQ$ZLGHO\XVHGLQVWUXFWLRQLVWRORRNDWWKH¶QHJDWLYHVSDFH·DURXQGREMHFWVUDWKHU
WKDQWKHREMHFWLWVHOIDVWKLVLVWKRXJKWWRIDFLOLWDWHWKHREMHFWLYHRI IRUJHWWLQJLJQRULQJ
,QDQLQWHUGLVFLSOLQDU\VWXG\SV\FKRORJLVW.R]EHOWDQGSKLORVRSKHU6HHOH\.R]EHOW	6HHOH\
DUJXHGWKDWGUDZLQJSUDFWLFHJLYHVDUWLVWV¶SHUFHSWXDODGYDQWDJH·LQWKHIRUPRI NQRZ
KRZZLWKHQKDQFHGYLVXDOVHOHFWLRQDQGGLVFULPLQDWLRQVNLOOV1RWDEO\ZD\VRI ORRNLQJDUH
PDGHH[SOLFLWLQSHGDJRJ\DQGSUDFWLWLRQHUVDUHRIWHQDZDUHRI VSHFLÀFVWUDWHJLHVRI ORRNLQJ
:KLOHPRVWRI WKHVHUHIHUWRYLVXDOFDSWXUHDQGDWWHQWLRQVWUDWHJLHVVRPHUHFHQWVFLHQWLÀF
UHVHDUFKH[SORUHVH\HDQGKDQGFRRUGLQDWLRQWHPSRUDODVSHFWVRI WKHUK\WKPRI GUDZLQJ
WKHVSDWLDOUK\WKPRI WKHJD]HEHWZHHQRULJLQDODQGWKHSDSHUWKHUDWLREHWZHHQGUDZLQJDQG
QRWGUDZLQJDQGÀ[DWLRQGXUDWLRQV7FKDOHQNRHWDO7FKDOHQNR7FKDOHQNR	
0LDOO7KLVPDUNVDPRYHLQUHVHDUFKWRZDUGVFRQVLGHUDWLRQRI WKH¶NQRZKRZ·RI WKH
GUDZLQJKDQG
Ruskin, practice and physical knowledge
7KHLPSRUWDQWSRLQWDERXW5XVNLQLVWKDWKHGUHZ7KLVPHDQWWKDWKHWHVWHGKLVWKHRULHVLQ
SUDFWLFH'UDZLQJIRUKLPLVDPDWWHURI GLVFHUQPHQWDQGÀQHO\WXQHGGHFLVLRQPDNLQJDQG
DFWLRQ&RQWUDU\WRUHFHLYHGZLVGRPKHHPSKDVLVHGWKHUROHRI WKHSHQFLODQGKDQGDQGLQ
KLVWHDFKLQJKHDGYRFDWHGDQLQWHOOLJHQWUDWKHUWKDQDQLQQRFHQWH\H5XVNLQ·VH\HLVKLJKO\
VRSKLVWLFDWHG+HHPSKDVL]HV¶«LWLVTXLWHQHFHVVDU\WKDW\RXVKRXOGGUDZLWLI \RXZLVKWR
XQGHUVWDQGWKHDQDWRP\RI WKHWUHH·5XVNLQS5XVNLQ·VDUJXPHQWLVPRUH
DERXWWKHLPSRUWDQFHRI VSHFLÀFIRUPVRI NQRZOHGJH+HEHOLHYHGWKDWSK\VLFDOSUDFWLFH
DQGNQRZOHGJHRI SK\VLFVDQGQDWXUHZHUHERWKQHHGHGIRUDFFXUDWHGHSLFWLRQ+HWHDFKHV
VWXGHQWVSURFHGXUDOVFKHPDUHODWLQJWRPDWHULDOVDQGH[HFXWLRQDQGVFKHPDRI RSWLFVDQG
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QDWXUH+HVWDWHVWKDWJUHDWPHQ¶NQRZWKHZD\WKLQJVDUHJRLQJ·SDQGWKDWWKHUHDUH
RFFDVLRQVWRNQRZ¶WKHUHDVRQRI WKHDSSHDUDQFH·S+HLQVWUXFWVVWXGHQWVWRVHDUFK
DQGVHL]HIRUPHDQLQJIXO¶OHDGLQJRUJRYHUQLQJOLQHV·SDQGDYLWDOWUXWK¶,FDOOLWYLWDO
WUXWKEHFDXVHWKHVHFKLHI OLQHVDUHDOZD\VH[SUHVVLYHRI WKHSDVWKLVWRU\DQGSUHVHQWDFWLRQ
RI WKHWKLQJ·S,QPXFKRI KLVZULWLQJKHDVVRFLDWHVWKHSK\VLFDOHQJDJHPHQWRI 
GUDZLQJZLWKDQDSSUHKHQVLRQDQGXQGHUVWDQGLQJRI WKHSK\VLFDOZRUOG7KLVFRQFHSWIRUHVHHV
FRQWHPSRUDU\QRWLRQVRI HQDFWLRQZKHUHNQRZOHGJHLVDFTXLUHGWKURXJKHQJDJHPHQWZLWK
WKHZRUOGUDWKHUWKDQWKURXJKSDVVLYHOHDUQLQJRI IDFWVDERXWWKHZRUOG'UDZLQJWHDFKHU
1LFRODwGHVVHHWDONVRI WKHVDPHSKHQRPHQDNQRZOHGJHDFTXLUHGWKURXJKDFWLRQ
5XVNLQZDUQVVWXGHQWVWR¶%HZDUHRI KDQGERRNNQRZOHGJH·S7KHNQRZOHGJH
KHYDOXHVLVIRXQGWKURXJKLQGLYLGXDOSUDFWLFHWKURXJKPRYHPHQW5XVNLQ·VSRVLWLRQLVWKDW
ÀQHO\WXQHGREVHUYDWLRQLVWKHNH\WRGUDZLQJDQGWKDWGUDZLQJLVDWRROIRUGLVFRYHU\
Ruskin’s hand and pencil
5XVNLQFODLPHGWKDWGUDZLQJDORQHFDQOHDGWRDQXQGHUVWDQGLQJRI /HRQDUGRRU7LWLDQDQG
VWDWHGWKDWZDWHUFRORXULVWV¶PXVWIRUHYHUUHPDLQEOLQGWRWKHUHÀQHPHQWVRI VXFKPHQ·V
SHQFLOLQJDQGWKHSUHFLVLRQRI WKHLUWKLQNLQJ·/DZUHQFH&DPSEHOOLQ5XVNLQSYLL
7KHSUHFLVHOLQHWKDWWKHVKDUSSHQFLOSURGXFHVDIIRUGVWKHGHVFULSWLRQRI ÀQHGHWDLOVXFKDV
DWLQ\LQGHQWDWLRQLQDOHDI,WDOVRGHPDQGVDULJRXURI H[HFXWLRQDVDQ\PLVPDWFKEHWZHHQ
WKHOLQHVHHQDQGWKHOLQHGUDZQDQGDQ\GHWDLORPLWWHGZLOOEHVLPLODUO\HYLGHQW+LVQRWLRQ
WKDWWKHSHQFLOFDQVKDUSHQWKHPLQGFKLPHVZLWKPRGHUQFRJQLWLYHVFLHQWLVWVVXFKDV7YHUVN\
DQG.LUVKZKRH[SORUHWKHUROHVRI KDQGPRYHPHQWVDQGGUDZLQJLQWKLQNLQJ
DQGFRJQLWLRQ5XVNLQWDONVRI WKHVKDUSSHQFLOZRUNLQJRYHUWKHREMHFWSRLQWLQJWRZDUGVD
UROHIRUWKHKDQGLQSHUFHSWLRQLQFODULI\LQJWKHREMHFW7KLVLPSOLHVDFRQQHFWLRQEHWZHHQ
WKHH\HDQGKDQGEHWZHHQWKHREMHFWDQGWKHGUDZLQJEHWZHHQWRXFKDQGYLVLRQ7KH
QRWLRQVXJJHVWVWKDWWRXFKLQJWKHSDSHUZLWKWKHSHQFLOLVDNLQWRWRXFKLQJWKHREMHFW,QGHHG
1LFRODwGHVWDXJKWVWXGHQWVWRLPDJLQHWKDWWKHSHQFLOLVWRXFKLQJWKHREMHFWLWVHOI S
3V\FKRORJLVW5LFKDUG*UHJRU\UHIHUVWRYLVLRQDV¶WRXFKDWDGLVWDQFH·*UHJRU\S
H[SODLQLQJWKDWLQHYROXWLRQYLVLRQGHYHORSHGDIWHUWRXFKEXLOGLQJIURPWRXFKDQGJLYLQJ
DGGLWLRQDOIXQFWLRQDQGSRZHUEHFDXVHRUJDQLVPVFRXOGEHJLQWRSHUFHLYHIURPDGLVWDQFH
6HHVHFWLRQEHORZ5XVNLQGRHVQRWVWDWHH[DFWO\ZKDWKHPHDQVE\¶VKDUSHQHG·RUKRZ
WKHSHQFLOPD\EULQJWKLVDERXWZKHWKHUWKURXJKIRFXVLQJDWWHQWLRQSURYLGLQJDVSHFLIFÀQH
TXDOLW\RI IHHGEDFNRUVRPHWKLQJUHODWHGWRYLVLRQDVWRXFKOLNH+RZHYHUWKHVHYLHZVDOO
SRLQWWRWKHLGHDWKDWWKHGUDZHUSUDFWLVHVRULPDJLQHVWKHPRWRUPRYHPHQWEHIRUHGUDZLQJ
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ZKLOHDVVHVVLQJWKHREMHFWERWKZLWKWKHH\HDQGKDQG7KLVDOVREHJVWKHTXHVWLRQZKHWKHU
WKHUDSLGLW\RI RFXODUYLVLRQLVOHVVVXLWDEOHDVDSHUFHSWXDOWRROIRUREVHUYDWLRQDOGUDZLQJWKDQ
WKHVORZHUVHQVHRI WRXFKZKLFKPD\SLFNXSGHWDLOVWKDWWKHH\HVNLSVRYHU
E\ZRUNLQJRYHUWKHVXEMHFWZLWKVRGHOLFDWHDSRLQWWKHDWWHQWLRQPD\
EHGLUHFWHGWRWKHPRVWPLQXWHSDUWVRI LW(YHQWKHEHVWDUWLVWVQHHG
RFFDVLRQDOO\WRVWXG\VXEMHFWVZLWKDSRLQWHGLQVWUXPHQWLQRUGHUWKXVWR
GLVFLSOLQHWKHLUDWWHQWLRQDQGDEHJLQQHUPXVWEHFRQWHQWWRGRVRIRUD
FRQVLGHUDEOHSHULRG5XVNLQSS²
5XVNLQWKLQNVWKDWWKHSHQFLOIRFXVHVDWWHQWLRQ+HWDONVRI GHYHORSLQJSRZHUVRI MXGJPHQW
DQGRI WKHPDQLSXODWLYHSRZHURI GUDZLQJWRGHYHORSDSSUHFLDWLRQRI QDWXUHDQGDUW7KH
ZRUGV¶MXGJPHQW·DQG¶PDQLSXODWLRQ·HPSKDVLVHFRJQLWLYHDVVHVVPHQWSURFHVVHVDQGVXJJHVW
WKDWWKHH\HDQGKDQGFRRSHUDWHWRKRQHWKHVHVNLOOV.LUVK·VUHYLHZ.LUVKRXWOLQHV
VFLHQWLÀFÀQGLQJVVKRZLQJWKDWWRROVKDYHDIIRUGDQFHVVHH*LEVRQWKDWDOWHURXUDELOLW\
WRSHUFHLYHDQGWKDWZLWKSUDFWLFHZHLQFRUSRUDWHVNLOOVZLWKWRROVLQWRRXUVHQVHRI RXUERGLO\
FDSDFLWLHV
5XVNLQEHOLHYHGWKDWWKHSUREOHPRI QRYLFHVLV¶DPDUYHOORXVDQGTXDLQWFRQIXVLRQ·
SZKLFKFRPHVGRZQPDLQO\WRDODFNRI NQRZKRZEXWDOVRWRODFNRI XQGHUVWDQGLQJ
OHDGLQJWRDODFNRI DELOLW\WRLQWHUSUHWLPSUHVVLRQV1RYLFHVKDYH¶DFFHVVWRVRPHFRQIXVHG
PRGHRI H[HFXWLRQ·SDQGKHQFHWKHNH\WRGUDZLQJLVWR¶GLVFRYHUDPRGHRI 
H[HFXWLRQ·DQGD¶WULFNRI WRXFK·S+HLQVWUXFWVVWXGHQWVWRDLPIRUVORZQHVV
DQGFRQWURORI KDQGDQGSHQ
7KHSHQVKRXOGDVLWZHUHZDONVORZO\RYHUWKHJURXQGDQG\RXVKRXOGEH
DEOHDWDQ\PRPHQWWRVWRSLWRUWRWXUQLWLQDQ\RWKHUGLUHFWLRQOLNHDZHOO
PDQDJHGKRUVH·5XVNLQS
7KHPRUHRQHUHDGV5XVNLQWKHPRUHRQHUHDOLVHVWKDWKHLVWDONLQJDERXWWKHLPSRUWDQFH
RI NQRZOHGJHDQGPRUHRYHUWKHHQDFWPHQWRI NQRZOHGJHWKURXJKGUDZLQJ+HWHOOV
VWXGHQWVDERXWKRZWUHHVJURZKRZIRUHVKRUWHQLQJPD\FRQIXVHWKHPDQGDERXWRSWLFDO
HIIHFWVUHDVRQVIRUDSSHDUDQFH:KHQKHVD\VWKDWDJRRGGUDIWVPDQZLOOVHH¶DFWLRQOLQHVLQ
HYHU\WKLQJDJRRGGUDXJKWVPDQZLOOVHHXQGHU·SKHLVWDONLQJDERXWXQGHUVWDQGLQJ
ZKDWLVEHKLQGWKHLQQRFHQWH\HDFNQRZOHGJLQJWKDWGUDZLQJLVXQGHUSLQQHGE\FRPSOH[
VFKHPDVDQGHQDFWLYHNQRZOHGJH)LQDOO\GHPRQVWUDWLQJZKDWZRXOGWRGD\EHGHÀQHGDVDQ
HQDFWLYHYLHZDQGSRLQWLQJWRZDUGV&KDSWHUDQGRI WKHWKHVLVKHXUJHV\RXWKHVWXGHQW
WR¶FDUU\RXW\RXUNQRZOHGJH·S
Nicolaïdes – sensing, meaning and gesture
,QFRQWUDVWWRGUDZLQJWHDFKHUVVXFKDV(GZDUGV1LFRODwGHVHPSKDVLVHGWKHOLPLWVRI WKHH\H
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DVDSHUFHSWXDODJHQWDQGEHOLHYHGWKDWGUDZLQJQHHGVWRXVHDOOWKHVHQVHVDQGH[SHULHQFH+H
ZURWH¶'UDZLQJLVWKHH[SUHVVLRQRI WKHVHHQDQGRWKHUZLVHVHQVHG6XSSOHPHQWYLVLRQZLWK
¶DFFXPXODWHGH[SHULHQFH·SDQG¶,WKDVRQO\WRGRZLWKWKHDFWRI FRUUHFWREVHUYDWLRQ
DQGE\WKDW,PHDQDSK\VLFDOFRQWDFWZLWKDOOVRUWVRI REMHFWVWKURXJKDOOWKHVHQVHV·
S+HGHVFULEHVWKHSXUSRVHRI KLVLQVWUXFWLRQDOERRNThe Natural Way to Draw
SXEOLVKHGLQ¶WRKDYH\RXDUULYHDWWKHQHFHVVDU\UHODWLRQVKLSEHWZHHQWKRXJKWDQG
DFWLRQ·S+HZDUQVWKDWWKHH\HPD\PLVOHDG\RXDQGVXJJHVWVWKDWVWXGHQWVLPDJLQH
WRXFKLQJWKHWKLQJWKH\DUHGUDZLQJ+HSURSRVHVWKDWVWXGHQWVUHDVRQZLWKWKHSHQFLO¶/LVWHQ
WR\RXUVHOI WKLQNZLWKWKHSHQFLO·S7KLVSRVHVTXHVWLRQVIRUWKHWKHVLVDERXWWKH
ORFXVRI WKRXJKWDQGWKHRUFKHVWUDWLRQRI WKHERG\WRDOORZWKRXJKWDQGWRDOORFDWHDWWHQWLRQ
&RQWUDU\WRLQQRFHQWH\HDSSURDFKHVZKLFKWU\WRPLQLPLVHWKHLQÁXHQFHRI GHFODUDWLYH
NQRZOHGJH1LFRODwGHV·IRFXVLVRQPHDQLQJUDWKHUWKDQDSSHDUDQFH+HZRXOGVWDUWDOLIH
GUDZLQJVHVVLRQZLWKWKHLQVWUXFWLRQWRDSSUHFLDWHWKHSRVHLQWHUPVRI WKHIHHOLQJDQG
KXPDQH[SHULHQFHRI WKHPRGHO+HVWDWHV¶$PDQFDQXVXDOO\GUDZEHVWWKHWKLQJKHNQRZV
EHVW·S7KLVJRHVDJDLQVWPXFKRI REVHUYDWLRQDOGUDZLQJSHGDJRJ\EXWWKLVLVWKH
DSSURDFKWKHWKHVLVH[SORUHVWRLQYHVWLJDWHDOWHUQDWLYHZD\VRI GUDZLQJIURPOLIHWKDWGRQRW
UHTXLUHDQ\QHJDWLRQRI GHFODUDWLYHNQRZOHGJHEXWUDWKHUDOORZPHDQLQJWRXQGHUSLQWKH
SURFHVV¶7KLQNLQJPRUHRI PHDQLQJWKDQWKHZD\WKHWKLQJORRNV·S
)RU1LFRODwGHVGUDZLQJLVDUHVHDUFKSURFHVV/LNH5XVNLQKHLVFOHDUWKDWKHLVWHDFKLQJ
VWXGHQWVDZD\WROHDUQDERXWOLIHDQGQDWXUH¶«WKH\PXVWDFTXLUHVRPHUHDOPHWKRGRI 
ÀQGLQJRXWIDFWVIRUWKHPVHOYHV·S[LL+HGHÀQHVGUDZLQJDVSDUWLFLSDWLRQDQGD
VHQVLWLYLW\WR¶LPSXOVHVEHWZHHQREMHFWDQG\RX·SDQGXUJHVVWXGHQWVWR¶6SHQG
PXFKWLPHPDNLQJFRQWDFWZLWKDFWXDOREMHFWV·S)RU1LFRODwGHVVHHLQJLVGULYHQ
E\LPSXOVHE\DPXOWLVHQVRU\SHUFHSWLRQRI WKHVLWXDWLRQ¶*URSLQJJUDGXDOXQGHUVWDQGLQJ
WKURXJKSUDFWLFH·S[LY+HUHKHLVVWDWLQJWKHSURSRVLWLRQRI WKHWKHVLVWKDWSUDFWLFH
EXLOGVWRZDUGVJUHDWHUXQGHUVWDQGLQJ$JDLQOLNH5XVNLQKHEHOLHYHVWKDWWKLVXQGHUVWDQGLQJ
LVRI WKHODZVRI QDWXUHQRWUXOHVRI GUDZLQJ7KHWUDQVIRUPDWLRQRI SHUFHSWLRQLVEURXJKW
DERXWWKURXJKSUDFWLFHQRWE\OHDUQLQJUXOHV+HHPSKDVLVHVWKDWRQHOHDUQVIURP¶GRLQJ·
UDWKHUWKDQWKLQNLQJ
+LVLQVWUXFWLRQLVWRGUDZ¶VORZO\VHDUFKLQJO\VHQVLWLYHO\·SDQGKHZULWHVWKDW¶$
FRQWRXUGUDZLQJLVOLNHFOLPELQJDPRXQWDLQDVFRQWUDVWHGZLWKÁ\LQJRYHULWLQDQDLUSODQH·
S3URJUHVVLVFKDUWHGLQ¶LQFUHDVHGNQRZOHGJHZLWKZKLFK\RXORRNDWWKHZRUOG
DURXQG\RX·S1LFRODwGHVHPSKDVLVHVWKHUROHRI DVVHVVPHQWSURFHVVHVDVZHOODVWKH
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LPSRUWDQFHRI PDNLQJPLVWDNHV¶7HVWHYHU\WKLQJZLWKDOOVHQVHV·S
1LFRODwGHVVXJJHVWVWZRPHWKRGVRI GUDZLQJWRHQDEOHWKHVWXGHQWWRPRUHGHHSO\XQGHUVWDQG
QDWXUH7KHÀUVWLVFRQWRXUGUDZLQJZKLFKHQWDLOVNHHSLQJRQH·VH\HRQWKHREMHFWDQGQRW
ORRNLQJDWWKHSDSHU+HVWDWHVWKDWFRQWRXUGUDZLQJIXQFWLRQV¶7RFRXSOHVHQVHVRI WRXFK
DQGVLJKW·S+LVVHFRQGPHWKRGLV¶JHVWXUHGUDZLQJ·ZKLFKKHVXJJHVWVDVDZD\
WRH[SORUHWKHDFWLRQRI DSRVH+HLQVWUXFWVVWXGHQWV¶\RXVKRXOGGUDZQRWZKDWWKHWKLQJ
ORRNVOLNHQRWHYHQZKDWLWLVEXWZKDWLWLVGRLQJ·S7KLVIDVWHUZD\RI GUDZLQJ
LVPRUHFRQFHUQHGZLWKHQJDJHPHQWWKDQZLWKUHSUHVHQWDWLRQ$WWKHKHDUWRI 1LFRODwGHV·
PHWKRGLVWKHEHOLHI WKDWGUDZLQJLVDQHPERGLHGDFW+HLQVWUXFWVVWXGHQWVWRVHDUFKIRUDQ
XQGHUVWDQGLQJRI DSRVHZKDWKHGHVFULEHVDVHQHUJ\DQGFDOOVJHVWXUH¶7REHDEOHWRVHH
WKHJHVWXUH\RXPXVWEHDEOHWRIHHOLWLQ\RXURZQERG\·S+HLVQRWVSHDNLQJRI 
REVHUYDWLRQRI PRYHPHQWUDWKHUWKHGLVFHUQPHQWRI DSDUWLFXODUW\SHRI PHDQLQJFRQWDLQHG
LQWKHSRVHDQGLQWKHUHODWLRQVKLSEHWZHHQGUDZHUDQGPRGHOREMHFWVFHQH7KHIROORZLQJ
VHFWLRQUHYLHZVKRZVFLHQFHLVVWXG\LQJWKHVHLVVXHVRI SHUFHSWLRQYLVLRQPRYHPHQWDQG
GUDZLQJH[HFXWLRQ
2.5 The science of  observational drawing
5HDGHUVSOHDVHQRWHWKDWVRPHSV\FKRORJLFDOVWXGLHVRI HQKDQFHGSHUFHSWLRQLQDUWLVWVKDYH
DOUHDG\EHHQRXWOLQHGLQVHFWLRQDQGKHQFHDUHQRWLQFOXGHGKHUHVHH.R]EHOW
&KDPEHUODLQ
Behavioural changes in eye and hand movements
7KHUHDUHWKUHHVLJQLÀFDQWK\SRWKHVHVLQ7FKDOHQNR·VH\HWUDFNLQJUHVHDUFKWKDWH[SHUWGUDZHUV
VHJPHQWWKHGUDZLQJSURFHVVVSDWLDOO\DQGWHPSRUDOO\WKDWH[SHUWVRIWHQGUDZ¶EOLQG·DQG
WKDWGUDZHUVHQFRGHYLVXDOLQIRUPDWLRQLQWRPRWRUSODQVIRUDFWLRQ7FKDOHQNRHWDOLQ
SUHVV7KHODWWHUK\SRWKHVLVLVSDUWLFXODUO\VLJQLÀFDQWDVLWFKDOOHQJHVORQJKHOGEHOLHIVDERXW
WKHZD\SHUFHSWLRQDQGGUDZLQJRSHUDWHXQGHUWKHDVVXPSWLRQWKDWZHGUDZIURPYLVXDO
PHPRU\HYHQZKHQWKHREMHFWZHDUHGUDZLQJLVULJKWXQGHURXUQRVH7FKDOHQNRVWDWHVRI 
REVHUYDWLRQDOGUDZLQJWKDW
1RWPXFKLVNQRZQDERXWWKHSURFHVVLWVHOI ZKLFKXQWLOQRZZDVDVVXPHG
WREHLQYDULDEO\EDVHGRQDQ¶HQFRGLQJWRYLVXDOPHPRU\·SKDVHZKLOHWKH
DUWLVWIDFHGWKHPRGHODQGD¶UHWULHYDOIURPPHPRU\DQGH[HFXWLRQ·SKDVH
ZKLOHWKHDUWLVWIDFHGWKHSDSHU7FKDOHQNRDS
8QWLOUHFHQWO\H\HWUDFNLQJUHVHDUFKFRQFHQWUDWHGRQKRZSHRSOHYLHZDUWZRUNVUDWKHUWKDQ
KRZWKH\SURGXFHWKHP<DUEXV·HDUO\H\HWUDFNLQJWHVWVZHUHYHU\LQÁXHQWLDOEHFDXVHWKH\
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LGHQWLÀHGWKDWWKHUHZHUHGLIIHUHQFHVEHWZHHQH\HSDWKVIRUGLIIHUHQWFRJQLWLYHWDVNVVHH
<DUEXV&RQWHPSRUDU\H\HWUDFNLQJVWXGLHVRI RWKHUVNLOOVVHDUFKIRUDFWLYHYROLWLRQDO
YROXQWDU\UDWKHUWKDQDXWRPDWLFH\HPRYHPHQWVUHODWHGWRVSHFLÀFWDVNVDQGVNLOOVLQFOXGLQJ
GULYLQJ/DQG	/HHSOD\LQJFULFNHW/DQG	0F/HRGVDQGZLFKPDNLQJ+D\KRH
HWDODQGSLDQRSOD\LQJ/DQGDQG)XUQHDX[1RZDVPDOOQXPEHURI VFLHQWLVWV
KDYHEHJXQWRH\HWUDFNVXEMHFWVZKLOHGUDZLQJDQGDUHEXLOGLQJDSLFWXUHRI WKHGUDZLQJ
SURFHVVLQDFWLRQ'U-RKQ7FKDOHQNR·VWHVWVKDYHUDQJHGIURPWKHFRS\LQJRI VLPSOHOLQHV
WRGUDZLQJSRUWUDLWVIURPOLIHDQGIURPPRYLQJYLGHRLPDJHV+HIRXQGGLIIHUHQFHVLQH\H
PRYHPHQWVEHWZHHQQRYLFHDQGH[SHUWGUDZHUVZKHQFRS\LQJFRPSOH[OLQHVDQGRYHU
PRUHWKDQDGHFDGHRI TXDQWLWDWLYHHPSLULFDOUHVHDUFKKHKDVGHYHORSHGWKHWKUHHGUDZLQJ
K\SRWKHVHVRXWOLQHG7KH\REVHUYHGWKDWVWXGHQWVDQGDUWLVWVXVHGYHU\GLIIHUHQWVWUDWHJLHVIRU
FRS\LQJDQGWKDWVWXGHQWVZHUHOHVVDFFXUDWH
WKHH[SHUWVDORQHVHJPHQWHGWKHRULJLQDOGUDZLQJLQWRVLPSOHOLQHVHFWLRQV
WKDWZHUHFRSLHGRQHDWDWLPHXVLQJDGLUHFWH\H²KDQGVWUDWHJ\QRWUHTXLULQJ
LQWHUPHGLDU\HQFRGLQJWRYLVXDOPHPRU\7FKDOHQNRDS
)URPDQDO\VLVRI YLGHRIRRWDJHSV\FKRORJLVW&RKHQFRQFOXGHGWKDWH[SHULHQFHGDUWLVWV¶ORRN
OLWWOHDQGRIWHQ·DWWKHRULJLQDORUPRGHOZKLOHLQH[SHULHQFHGGUDZHUVDGRSWDYDULHW\RI 
VWUDWHJLHVLQJHQHUDOORRNLQJORQJHUDWWKHRULJLQDO&RKHQS+HDVVHVVHGDFFXUDF\
RI GUDZLQJVXVLQJDSDQHORI KXPDQMXGJHVDQGFRUUHODWHGDFFXUDF\UDWLQJVZLWKSDWWHUQV
RI H\HPRYHPHQWV+HIRXQGWKDWPRUHH[SHULHQFHGGUDZHUVWHQGHGWRORRNIRUVKRUWHU
GXUDWLRQVRIWHQRQO\DVLQJOHÀ[DWLRQLQH\HWUDFNLQJWHUPLQRORJ\¶VKRUWHUGZHOOWLPH·
DWWKHPRGHORULJLQDODQGORRNEDFNDQGIRUZDUGEHWZHHQWKHSDSHUDQGRULJLQDOPRUH
WKDQQRYLFHV+HIRXQGHYLGHQFHRI DGLVWLQFWZD\RI ORRNLQJXVHGE\PRVWRI WKHPRUH
H[SHULHQFHGGUDZHUVLQKLVWHVWJURXS&RKHQ·VPHWKRGRORJ\ZDVVLJQLÀFDQWO\GLIIHUHQWIURP
7FKDOHQNR·V+HUHOLHGRQKXPDQVXEMHFWVWRDVVHVVDFFXUDF\RI GUDZLQJV7FKDOHQNRDYRLGHG
PHDVXUHPHQWRI DFFXUDF\XQWLOKLVUHFHQWSDSHU7FKDOHQNRHWDOLQSUHVVSUHIHUULQJWR
FRQFHQWUDWHRQREVHUYDWLRQDQGUHFRUGLQJRI DUWLVWV·GUDZLQJEHKDYLRXUWRFROOHFWDUDQJHRI 
GDWDRQVHYHUDODUWLVWVEHIRUHEHJLQQLQJWRGHÀQHWKH¶H[SHUWGUDZHU·
7KLVOHDGVWRWKHTXHVWLRQRI ZKHWKHUDQGKRZWKHKDQGDQGERG\SOD\DQDFWLYHUROHLQWKH
WUDQVIRUPDWLRQRI DUWLVWV·SHUFHSWLRQGHVFULEHGDERYHLQVHFWLRQ7KLVLVIXUWKHUH[SORUHG
EHORZLQVHFWLRQZKHUHWKHDFWLYHQDWXUHRI SHUFHSWLRQLVH[SODLQHG
Drawing movements - Motor processes 
([HFXWLRQRI GUDZLQJLVSDLGIDUOHVVDWWHQWLRQWKDQWKHFRQFHSWXDOVWUDWHJLHVRXWOLQHGDERYH
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)RUSLDQRSOD\LQJVWXGHQWVFRQFHQWUDWHRQOHDUQLQJPRWRUSURFHVVHVDQGFRRUGLQDWLRQ
$OWKRXJKWKHVNLOOLVDNLQWRGUDZLQJLQWKDWLWLVVSHFLDOLVWDQGGHPDQGV¶RWKHUWKDQHYHU\GD\·
ZD\VRI XVLQJWKHH\HDQGKDQGFRJQLWLYHWULFNVDUHOHVVHYLGHQWLQSLDQRSHGDJRJ\6HYHUDO
VFLHQWLVWVKDYHUHFHQWO\DSSURDFKHGGUDZLQJDVDSK\VLFDOVNLOO3KLORVRSKHU6HHOH\DQG
SV\FKRORJLVW.R]EHOWKDYHKLJKOLJKWHGWKHUROHRI DWWHQWLRQDQGPRWRUHQFRGLQJRI YLVXDO
LQIRUPDWLRQ)URPWKHLUUHYLHZOLQNLQJWKHRUHWLFDOSHUVSHFWLYHVZLWKVXSSRUWLQJ
HPSLULFDOHYLGHQFHWKH\SURSRVHDPRGHORI GUDZLQJZLWKDVWURQJUROHIRUPRWRUSODQQLQJ
LQYLVXDODWWHQWLRQDQGSHUFHSWLRQ7KH\FLWH&RKHQ·VÀQGLQJWKDWFRS\LQJDQXSULJKW
YHUVXVDQLQYHUWHGIDFHKDGQRHIIHFWRQWKHDFFXUDF\RI QRQDUWLVWV·GUDZLQJV)URPWKLV
GHVSLWHWKHSUHYDOHQFHRI ¶LQQRFHQWH\H·WHFKQLTXHVLQGUDZLQJSHGDJRJ\WKH\VXJJHVWWKDW
WKHVH¶ERWWRPXS·DSSURDFKHVPD\KDYHOLPLWDWLRQV7KH\SRLQWRXWWKDWYLVXDOVHQVRU\
LQIRUPDWLRQLVQRWDOZD\VFOHDUDQGWKDWZHKDYHWROHDUQKRZWRLQWHUSUHWLW7KLVPHDQV
WKDWGUDZLQJFDQEHVHHQDVIRXQGHGRQDSDUWLFXODUOHDUQWZD\RI LQWHUSUHWLQJWKHYLVXDO
LQIRUPDWLRQUDWKHUWKDQRQDZD\RI OLPLWLQJELDVHV
WKHUHWLQDOLQSXWWRWKHYLVXDOV\VWHPLVDPELJXRXVDQGXQGHUGHWHUPLQHV
LWVDSSURSULDWHWKUHHGLPHQVLRQDOLQWHUSUHWDWLRQ7KLVHQWDLOVWKDWVXFFHVVIXO
SHUFHSWLRQGHSHQGVXSRQSULRUNQRZOHGJHHQFRGHGLQWKHYLVXDOV\VWHP
WKDWFRQVWUDLQVSRVVLEOHLQWHUSUHWDWLRQVRI WKHVHQVRU\LQSXW7KXVDSXUHO\
ERWWRPXSSHUFHSWXDOVWUDWHJ\OLNHWKHRQHSURSRVHGE\)U\LV
MXVWQRWFRPSXWDWLRQDOO\YLDEOH.R]EHOW	6HHOH\S
6HH*UHJRU\LQ6HFWLRQEHORZIRUPRUHGHWDLODERXWYLVXDODPELJXLWLHVDQGWKHOLPLWDWLRQV
RI WKHYLVXDOV\VWHP7KHLUWKHVLVVXSSRUWV*RPEULFK·VLGHDVRI VFKHPDWDRI NQRZOHGJH
*RPEULFKDUJXHGWKDWDUWLVWVVHHNLQJUHDOLVPPXVWHQJDJHLQDK\SRWKHVLVWHVWLQJSURFHVVLQ
ZKLFKGLVSDULWLHVEHWZHHQDFKLHYHGGHSLFWLRQDQGWKHLUSHUFHSWLRQRI WKHZRUOGDUHUHVROYHG
$UWLVWVKHVXJJHVWVWHVWVHWVRI PDUNVDJDLQVWWKHLUSHUFHSWXDOH[SHULHQFHDQGHYDOXDWH
WKHLUSUDFWLFDOVXFFHVVLQ*RPEULFK·VIRUPXODWLRQ¶PDNLQJFRPHVEHIRUHPDWFKLQJ·
*RPEULFKS.R]EHOWDUJXHVWKDWPRWRUSODQQLQJLVLPSRUWDQWIRUJD]HFRQWURODQG
VHOHFWLRQRI VDOLHQWIHDWXUHV.R]EHOWDQG6HHOH\SZKHUHDV7FKDOHQNRFRQFHQWUDWHV
RQZKHUHSHRSOHORRNLQWHUPVRI V\QFKURQL]DWLRQZLWKWKHKDQG·VGUDZLQJDFWLRQ7KHUHIRUH
7FKDOHQNRDWWHQGVWRWKHKDQGZKLOH.R]EHOWLVLQWHUHVWHGLQWKHH\HDQGDWWHQWLRQDOVWUDWHJLHV
,QLWLDOO\9DQ6RPPHUV·UHVHDUFKORRNHGDWPHFKDQLFDODVSHFWVRI GUDZLQJSURGXFWLRQ+H
FRQVLGHUHGWKHLVVXHRI ZKDWZHNQRZDERXWREMHFWVIURPDSK\VLFDOUDWKHUWKDQFRQFHSWXDO
SHUVSHFWLYHWKDWRXUVHQVHRI WKHIRUFHRI JUDYLW\GHWHUPLQHVRXUEHOLHIVDERXWKRZREMHFWV
VLWLQVSDFHDQGKHQFHRXU¶WRSGRZQ·DVVXPSWLRQVDERXWKRZWKH\ZLOOORRNS9DQ
6RPPHUV·VWDWHPHQWDERXWFRS\LQJUHVRQDWHVZLWK0HUOHDX3RQW\·VGHVFULSWLRQRI WKHDUWLVW·V
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ZD\RI ORRNLQJDQGOHDYHVURRPIRUPRGHOVZKHUHLQWKHKDQGSOD\VDVLJQLÀFDQWUROHLQD
WUDQVODWLRQSURFHVV
7KHIDFWLVWKDWFRS\LQJOLNHLPLWDWLRQLQODQJXDJHLVQRWDPDWWHURI 
LWHPE\LWHPPDWFKLQJRI SHUFHSWLRQWRDFWLRQEXWDWUDQVODWLRQSURFHVV
H[WUDFWLQJUHODWLRQVKLSVDQGXVLQJDYDLODEOHVNLOOVWRUHFRQVWUXFWWKHP9DQ
6RPPHUVS
+RZGRWKHPRYHPHQWVRI WKHKDQGDQGH\HFRQGXFWWKLVWUDQVODWLRQ"7FKDOHQNR·VUHVHDUFK
WRGDWHVXJJHVWVWKDWWKHNH\WRVXFFHVVIXOREVHUYDWLRQDOGUDZLQJLVNQRZOHGJHRI KRZWR
SODQDQGH[HFXWHWKHGUDZLQJ7KLVHQWDLOVNQRZLQJZKDWWRORRNIRUDQGKRZWRFDSWXUHLW
LHLQZKDWIRUPWRFDSWXUHLW7FKDOHQNRHQFDSVXODWHVWKHFRQYHQWLRQDOYHUVXVQHZYLHZ
DQGWKHVLJQLÀFDQFHRI WKHLUYLVXRPRWRUK\SRWKHVLVLQWKHIROORZLQJVWDWHPHQWV¶&RPSOH[
LQWHUDFWLRQVRI H\HKHDGDQGKDQGPRYHPHQWVSXQFWXDWHWKLVYLVLRQWRPRWRUWUDQVIRUPDWLRQ
DURXQGZKLFKWKHFRJQLWLYHSURFHVVLVVWUXFWXUHG·7FKDOHQNRDS6HHOH\DQG.R]EHOW
VXSSRUWWKHYLVXRPRWRUHQFRGLQJDUJXPHQWLQWKHLUSDSHUArt, artists and perception: A model for 
premotor contributions to perceptual analysis and form recognition6HFWLRQUHYLHZV7FKDOHQNR
DQG0LDOO·VUHVHDUFKLQPRUHGHWDLO
&KDPEHUODLQH[SORUHGWKHFRUUHODWLRQEHWZHHQGUDZLQJH[SHULHQFHDQGSHUFHSWXDOVNLOOV
,QSDUWLFXODUKHUHPSLULFDOEUDLQVFDQQLQJVWXG\H[SORULQJWKHQHXUDOEDVHVIRUGUDZLQJVNLOOV
UHYHDOHGD¶QHXUDOIRFXVRQPRWRUUDWKHUWKDQSHUFHSWXDODUHDVKLJKOLJKWLQJWKHLPSRUWDQFH
RI KDQGH\HFRRUGLQDWLRQPHFKDQLVPVDQGSUHPRWRUSODQQLQJLQH[SHUWGUDZLQJ·S
&RHQ&DJOL&RUDJJLR1DSROHWDQRDQG%RFFLJQRQHLGHQWLI\¶«WKH´ORRSHGµ
LQÁXHQFHEHWZHHQDFWLYHYLVLRQDQGPRWRUSODQQLQJFRQWURO·&RHQ&DJOLHWDOS
LQREVHUYDWLRQDOGUDZLQJ&KDPEHUODLQVWDWHVWKDW¶«LWLVKLJKO\OLNHO\WKDWWKHLQWHUDFWLRQ
EHWZHHQÀQHPRWRUPRYHPHQWDQGH\HPRYHPHQWVLVDIXQGDPHQWDOFRPSRQHQWRI LQGLYLGXDO
GLIIHUHQFHVLQGUDZLQJDELOLW\·S
Role of  memory
7KHUROHRI PHPRU\LVDOVRDNH\TXHVWLRQLQGUDZLQJUHVHDUFK0DQ\DUWLVWVDQGWHDFKHUVKROG
WKHYLHZWKDWYLVXDOPHPRU\LVUHTXLUHGWR¶FDSWXUH·WKHLPDJHIURPWKHZRUOGDQGWUDQVIHULW
RQWRSDSHU
1LFRODwGHVVWDWHVWKDW
:LWKWKHH[FHSWLRQRI WKHFRQWRXUVWXG\WKHUHLVQRGUDZLQJWKDWLVQRWD
PHPRU\GUDZLQJEHFDXVHQRPDWWHUKRZVOLJKWWKHLQWHUYDOLVIURPWKHWLPH
\RXORRNDWWKHPRGHOXQWLO\RXORRNDW\RXUGUDZLQJRUSDLQWLQJ\RXDUH
PHPRUL]LQJZKDW\RXKDYHMXVWVHHQ1LFRODwGHVS
7KLVYLHZRI WKHUROHRI PHPRU\LVSHUYDVLYHXQGHUWKHDVVXPSWLRQWKDWWKHGUDZHUPXVW
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ORRNDZD\IURPWKHRULJLQDOLQRUGHUWRGUDZRQWKHSDSHUDQGKHQFHUHO\RQYLVXDOPHPRU\
+RZHYHUVFLHQWLVWVKDYHUHFHQWO\EHJXQWRFKDOOHQJHWKLVYLHZE\TXHVWLRQLQJKRZYLVXDO
VHQVDWLRQLVHQFRGHGDQGWKHUROHRI PRWRUSODQQLQJLQWKHH[HFXWLRQRI GUDZLQJ7FKDOHQNR·V
YLVXRPRWRUK\SRWKHVLVSURSRVHVWKDW
«HDFKGHWDLOWREHGUDZQLVQRWUHWDLQHGDVDYLVXDOPHPRU\VXEVHTXHQWO\
WUDQVIRUPHGWRDGUDZLQJDFWLRQEXWLVUHWDLQHGDVDQLQWHQGHGGUDZLQJ
DFWLRQ7FKDOHQNRHWDOLQSUHVVS
7KHFKDOOHQJHKHUDLVHVLVDJDLQVWWKHWUDGLWLRQDOYLHZWKDWGUDZLQJHQWDLOVWKHFDSWXUHRI 
YLVXDOLPDJHVZLWKWKHH\H+LVGDWDRIIHUVWKHQHZYLHZWKDWPRWRUSODQQLQJSOD\VDUROHLQ
WKHSURGXFWLRQRI GUDZLQJLQSUHSDUDWLRQIRUGUDZLQJDOLQH\RXSODQLPDJLQHWKHKDQG
PRYHPHQW\RXZLOOPDNHLHWKHDFWLRQRI GUDZLQJDVGLVWLQFWIURPVLPSO\FDSWXULQJVRPH
VRUWRI VWDWLFYLVXDOLPDJHLQ\RXUPHPRU\7KLVWKHRU\LVEDVHGRQ0LDOODQG7FKDOHQNR·V
JURXQGEUHDNLQJÀQGLQJWKDWPRWRUDUHDVRI WKHFRUWH[DUHDFWLYDWHGGXULQJHQFRGLQJSKDVHV
RI GUDZLQJ
&KDPEHUODLQDOVRIRXQGQHXURSV\FKRORJLFDOHYLGHQFHWRVXJJHVWWKDWYLVXDOLPDJHU\LVQRW
QHFHVVDU\IRUUHSUHVHQWDWLRQDOGUDZLQJFLWLQJDSDWLHQWUHVHDUFKHGE\%RWH]HWDO
ZKRGHVSLWHDVHYHUHYLVXDOLPDJHU\GHÀFLWZDVVWLOODEOHWRSURGXFHGHWDLOHGGUDZLQJVIURP
REVHUYDWLRQEXWQRWIURPPHPRU\¶7KLVVXJJHVWVDGLFKRWRP\LQWKHUROHRI YLVXDOLPDJHU\
IRURQOLQHGUDZLQJYHUVXVGUDZLQJIURPPHPRU\·&KDPEHUODLQS&DODEUHVHDQG
0DUXFFLIRXQGWKDWWKHUHZHUHQRGLIIHUHQFHVEHWZHHQDUWLVWVDQGQRQDUWLVWVLQVHOI
UHSRUWVRI H[SHULHQFHRI YLVXDOLPDJHU\VXJJHVWLQJWKDWYLVXDOLPDJHU\PD\QRWEHDUHTXLUHG
VNLOORI REVHUYDWLRQDOGUDZHUV&KDPEHUODLQZULWHVWKDW
'HVSLWHDSXWDWLYHRYHUODSEHWZHHQYLVXDOSHUFHSWXDODQGYLVXDOLPDJHU\
SURFHVVHVLWDSSHDUVWKDWWKHUHLVOLWWOHHYLGHQFH\HWIRUDOLQNEHWZHHQ
LPDJLQJFDSDFLW\DQGGUDZLQJDELOLW\·&KDPEHUODLQS
7FKDOHQNRDQG0LDOO·VPRVWUHFHQWUHVHDUFK7FKDOHQNRHWDOLQSUHVVRQ¶EOLQG·GUDZLQJ
ZKHUHWKHGUDZHUGRHVQRWORRNDWWKHSDSHUH[SORUHVGUDZLQJPHWKRGVWKDWGRQRWUHTXLUH
VKRUWWHUPYLVXDOPHPRU\DQGFKDOOHQJHVWKHLURULJLQDODVVXPSWLRQWKDWGUDZLQJLVFDUULHGRXW
ZKLOHORRNLQJDWWKHSDSHUUDWKHUWKDQWKHRULJLQDO
Blind drawing – keeping your eye on the subject
7FKDOHQNRXVHGWKHWHUP¶EOLQGGUDZLQJ·WRUHIHUWRGUDZLQJFRQGXFWHGZKLOHWKHH\HLVRQ
WKHRULJLQDOUDWKHUWKDQWKHSDSHU+HLGHQWLÀHGWKLVPHWKRGLQVHYHUDOH[SHUWVVHHHVSHFLDOO\
7FKDOHQNRHWDOLQSUHVV,QSHGDJRJ\¶EOLQGFRQWRXUGUDZLQJ·LVDZLGHO\XVHGPHWKRG
EXWLWLVJHQHUDOO\SURSRVHGDVDZDUPXSH[HUFLVHDQGDVDQRWKHUFRJQLWLYHWULFNWRHQDEOH
)LJ(\HPRYHPHQWVGXULQJGUDZLQJRI PRGHO·VQRVH$%&DQG'DUHVHJPHQWVGUDZQE\
H[SHUWIROORZLQJÀ[DWLRQVDEFDQGGGXUDWLRQV²VIURP7FKDOHQNRDÀJ
S
([SHUW·VGUDZLQJ
%HJLQQHU·VGUDZLQJ
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GUDZLQJ%HWW\(GZDUGVDGYLVHVVWXGHQWVWKDWWKLVWDNHVWKH¶MXGJHPHQWDOOHIWEUDLQ·RXWRI 
WKHSLFWXUHDVWKHH\HLVQRWORRNLQJDWWKHGUDZLQJDQGWKHUHIRUHFDQQRWMXGJHLW1LFRODwGHV·
SRLQWRI YLHZLVFORVHWRPDQ\FRQWHPSRUDU\GUDZLQJSUDFWLWLRQHUVVHH/\RQVEHOLHYLQJ
WKDWEOLQGGUDZLQJDOORZVWKHGUDZHUWRDWWHQGWRWKHVXEMHFWDQGWRFRQQHFWZLWKLWLQD
SDUWLFXODUZD\7FKDOHQNR·VÀQGLQJVVXJJHVWWKDWH[SHULHQFHGGUDZHUVGRLQIDFWXVHDODUJH
SURSRUWLRQRI EOLQGGUDZLQJDVSDUWRI WKHLUPHWKRGDQGWKHPRUHVRWKHPRUHFRPSOH[WKH
LPDJHWKH\DUHGUDZLQJ7FKDOHQNRHWDOLQSUHVV
7KHQH[WWKUHHVHFWLRQVH[DPLQHLQPRUHGHSWK7FKDOHQNR·VÀQGLQJVVHFWLRQDQGWKHQ
YLVLRQDQGSHUFHSWLRQWKHRU\VHFWLRQVDQGLQRUGHUWRFUHDWHDSODWIRUPWRH[SORUH
KRZGUDZLQJSUDFWLFHPD\GHYHORSQHZZD\VRI SHUFHLYLQJDQGH[SORULQJWKHZRUOG
2.6 Motor not photo
Differences in eye movements between expert and novice drawers
7FKDOHQNRDQG0LDOO·VUHVHDUFKEHJDQZLWK7FKDOHQNR·VWZRREVHUYDWLRQDOVWXGLHVRI WKHH\H
DQGKDQGPRYHPHQWVRI WKHDUWLVW+XPSKUH\2FHDQ7FKDOHQNR	)URP
RQKLVFROODERUDWLRQZLWK0LDOOKDVSURGXFHGDVHULHVRI TXDQWLWDWLYHEHKDYLRXUDOVWXGLHV
RI QRYLFHDQGH[SHUWGUDZHUVXVLQJH\HWUDFNLQJWHFKQRORJ\LQFOXGLQJDVWXG\XVLQJVLPSOH
GUDZLQJWHVWVDQGFRPSOH[SRUWUDLWGUDZLQJWHVWV7FKDOHQNRHWDO7KHLUGDWDVXJJHVW
WKDWKLJKO\H[SHULHQFHGGUDZHUVVKDUHVRPHFKDUDFWHULVWLFVUDUHO\IRXQGLQOHVVH[SHULHQFHG
GUDZHUVQRWDEO\UK\WKPLFSDWWHUQVRI H\HPRYHPHQWVEHWZHHQPRGHODQGGUDZLQJWDUJHWHG
À[DWLRQVDQGPRUHVHJPHQWDWLRQRI WKHGUDZLQJLQWRVKRUWOLQHV
7KH\PDGHDGHWDLOHGFDVHVWXG\RI +XPSKUH\2FHDQ·VREVHUYDEOHEHKDYLRXUGXULQJHOHYHQ
DQGDKDOI PLQXWHVRI PDNLQJDSHQFLOGUDZLQJ0LDOODQG7FKDOHQNR7KLVZDVWKHÀUVW
VWXG\WKDWWLPHGWKHH\HPRYHPHQWVRI DQDUWLVWXVLQJDQH\HWUDFNHURQHRWKHUUHVHDUFKHU
KDGWLPHGDSDLQWHU·VH\HPRYHPHQWVXVLQJYLGHR.RQHFQL7KHPHWKRGRORJLFDO
GHFLVLRQWRREVHUYHPRYHPHQWVRI GUDZLQJOHGLPPHGLDWHO\WRLQWHUHVWLQJUHVXOWVVXJJHVWLQJ
WKDW2FHDQ·VZD\RI ORRNLQJGXULQJGUDZLQJZDVGLIIHUHQWIURPKLVHYHU\GD\ORRNLQJ+LV
H\HÀ[DWLRQVZKHQGUDZLQJZHUHRI WZLFHWKHGXUDWLRQRI KLVHYHU\GD\À[DWLRQV7KH\
FKDUDFWHULVHGKLVH\HPRYHPHQWVDV¶WDUJHWHG·SGHVFULELQJ2FHDQ·VV\VWHPDWLF
DQDO\VLVRI WKHPRGHO·VIDFHDVLQYROYLQJDVHTXHQFHRI VLQJOHÀ[DWLRQVRQVHOHFWHGGHWDLOVRI 
WKHPRGHO·VIDFHS7KH\ZURWHWKDW
,QFRQWUDVWXQWUDLQHGVXEMHFWVGLGQRWVKRZFOHDUFKDQJHVLQH\HPRYHPHQW
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ZKHQGUDZLQJQRUGLGWKH\VKRZSUHFLVHÀ[DWLRQRQLQGLYLGXDOGHWDLOVRI 
WKHPRGHO0LDOODQG7FKDOHQNRS
7KHPDLQÀQGLQJVRI LQWHUHVWXSWRWKLVSRLQWZHUH2FHDQ·VGRXEOHOHQJWKÀ[DWLRQVDQGD
PRUHUHJXODUUK\WKPRI H\HKDQGFRRUGLQDWLRQ7KH\IRXQGWKDWVRPHPHWKRGVDUHXVHG
UHJDUGOHVVRI GUDZLQJH[SHULHQFHDQGWKDWQRYLFHVDUHDVDFFXUDWHDVH[SHUWVDWFRS\LQJD
VLPSOHVHJPHQWRI OLQHZLWKRXWORRNLQJDWWKHSDSHUZKLOHWKH\GUDZ7KHLUÀQGLQJVVXJJHVWHG
WKDWOLNH2FHDQH[SHUWVKDYHPRUHWDUJHWHGH\HÀ[DWLRQV)LJVKRZVWKLVGLVWLQFWLRQ
EHWZHHQQRYLFHDQGH[SHUWZLWKWKHOLQHVUHSUHVHQWLQJWKHJD]HSDWKEHWZHHQPRGHODQG
SDSHUDQGWKHEODFNGRWVUHSUHVHQWLQJÀ[DWLRQSRVLWLRQV
$OOVXEMHFWVZLWKVRPHH[SHULHQFHLQGUDZLQJVKRZHGVWDEOHVLQJOH
À[DWLRQVRQWKHGHWDLORI WKHPRGHOWKDWWKH\ZHUHGUDZLQJ7KLVIHDWXUHZDV
HVSHFLDOO\PDUNHGZLWK+2DVDFFDGHRULJLQDWLQJRQWKHSDSHUZRXOGÀQG
LWVWDUJHWDIWHURQHRUWZRDGMXVWPHQWVDFFDGHVDQGWKHQORFNRQWRWKHSRLQW
IRUWKHGXUDWLRQRI WKHÀ[DWLRQLHRQHVHFRQGRUPRUH7FKDOHQNRHWDO
S
Blind drawing suggests encoding into motor rather than visual memory
$VRXWOLQHGDERYHLQVHFWLRQDQDO\VLVRI H\HWUDFNLQJGDWDRYHUVHYHUDOVWXGLHVOHG
7FKDOHQNRWRTXHVWLRQWKHUROHRI YLVXDOPHPRU\LQWKHGUDZLQJSURFHVV+LVÀQGLQJVRQ
¶EOLQGGUDZLQJ·VKRZWKDWGUDZLQJFDQEHFDUULHGRXWE\PDNLQJDYLVXRPRWRUFRQQHFWLRQ
EHWZHHQWKHH\HDQGKDQGZLWKRXWQHHGLQJWRORRNDWWKHSDSHUWKHSHQFLODQGWKHOLQHDVLWLV
SURGXFHG7KLVLPSOLHVWKDWWKHREMHFWEHLQJGUDZQQHHGQRWQHFHVVDULO\EHUHFDOOHGDVDYLVXDO
PHPRU\RUHYHQFRPPLWWHGWRYLVXDOPHPRU\7KH\WHVWHGK\SRWKHVHVDERXWVHJPHQWDWLRQ
DQGYLVXRPRWRUHQFRGLQJLQUHODWLRQWRGDWDIURPDPRUHFRPSOH[GUDZLQJWDVNWKHFRS\LQJ
RI DOLIHGUDZLQJE\*DXGLHU%UH]KNDGUDZQE\QRYLFHVLQWHUPHGLDWHVDQGH[SHUWV7FKDOHQNR
$WWKLVVWDJH¶EOLQGGUDZLQJ·ZDVLPSRVHGRQVXEMHFWVDVRQHRI WKHH[SHULPHQWDO
FRQGLWLRQV,QODWHUUHVHDUFKWKH\UHWXUQWRDPRUHQDWXUDOLVWLFREVHUYDWLRQDQGÀQGWKDWVHYHUDO
H[SHUWVXVH¶EOLQGGUDZLQJ·
7KH\RXWOLQHWKHDFFHSWHGYLHZRI REVHUYDWLRQDOGUDZLQJDQGWKHQVXJJHVWDQDOWHUQDWLYH
UDGLFDOQHZYLHZEDVHGRQWKHLUÀQGLQJV
7KHEDVLFDVVXPSWLRQLPSOLFLWLQWKHVWXGLHVRI GUDZLQJIURPOLIHPHQWLRQHG
DERYHLVWKDWVRPHIRUPRI ZRUNLQJPHPRU\LVLQYROYHGLQWKHGUDZLQJ
SURFHVV7KLVFRQYHQWLRQDOLQWHUSUHWDWLRQSRVLWVWKHIROORZLQJVHTXHQFH
WKHRULJLQDORUSDUWWKHUHRILVÀUVWHQFRGHGWRYLVXDOPHPRU\GXULQJ
À[DWLRQRQWKHRULJLQDODIWHUZKLFKWKHVXEMHFWWXUQVWRWKHSDSHUDQG
GUDZLQJSURFHHGVIURPWKHVWRUHGPHQWDOLPDJH$VWKHLPDJHIDGHVWKHUH
FRPHVDSRLQWZKHUHWKHVXEMHFWQHHGVWRUHWXUQWRWKHRULJLQDO7FKDOHQNR
DQG0LDOOS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7KH\IRXQGWKDWWKLVPRGHOGRHVQRWDOZD\VKROG,QSDUWLFXODUWKH\REVHUYHGSKDVHVRI ¶EOLQG
GUDZLQJ·ZLWKRQO\VKRUWJODQFHVWRWKHSDSHUDWWKHEHJLQQLQJDQGHQGRI DOLQHVHJPHQW
7KLVOHGWKHPWRDVNZKHWKHUEHFDXVHWKHKDQGZDVRSHUDWLQJDORQHGUDZLQJRI WKHOLQHZDV
FRQWUROOHGE\PRWRUPHPRU\UDWKHUWKDQYLVXDOPHPRU\
,WVHHPHGDVLI WKHVKDSHRI WKHOLQHLWVHOI ZDV¶¶NQRZQ··WRWKHKDQGDQG
WKDWWKHH\H·VUROHZDVUHVWULFWHGWRHQVXULQJWKDWWKHOLQHVWDUWHGDW$DQG
HQGHGDW%LHDUROHRI VSDWLDOSRVLWLRQLQJ·7FKDOHQNRDQG0LDOO
SS
7KH\VWDWHGWKDWVLPSOHVKDSHVVXFKDVDQ6FDQEHDFFXUDWHO\GUDZQZLWKRXWWKHH\HVHHLQJ
WKHSDSHURUWKHKDQGEXWWKDWVFDOHSURSRUWLRQDQGRULHQWDWLRQRI OLQHVUHTXLUHVLJKWRI 
WKHSDSHUDVWKHOLQHLVEHLQJGUDZQS7KLVUHPDLQV7FKDOHQNR·VSRVLWLRQ+H
FRQFOXGHVWKDWWKHVHUHVXOWVVXJJHVWDZD\RI GUDZLQJJRYHUQHGE\WKLVDOWHUQDWLYHH\H²KDQG
LQWHUDFWLRQ
,QRWKHUZRUGVWKHYLVXDOLQIRUPDWLRQFDSWXUHGIURPWKHRULJLQDOLV
WUDQVIRUPHGLQWRDPRWRUSURJUDPPHWKDWFDQEHH[HFXWHGLQVWDQWO\RQOLQH
UDWKHUWKDQUHWDLQHGDVDPHQWDOLPDJHWREHH[HFXWHGODWHUDIWHUWKHVXEMHFW
KDVWXUQHGWRWKHSDSHU7FKDOHQNRDQG0LDOOS
7KLVFRQFOXVLRQUHODWHVWRFRQWHPSRUDU\H\HWUDFNLQJUHVHDUFKRI HYHU\GD\YLVXDOO\JXLGHG
WDVNVVXFKDVGULYLQJDQGVDQGZLFKPDNLQJ+D\KRHDQG%DOODUG'UROO	+D\KRH
+D\KRH	%DOODUG%DOODUGHWDO+D\KRHHWDO/DQGGHÀQHWKLVGLUHFW
WUDQVIRUPDWLRQDVD¶MXVWLQWLPH·VWUDWHJ\ZLWKRXWLQWHUPHGLDU\HQFRGLQJWRDQLQWHUQDO
UHSUHVHQWDWLRQLQWKHEUDLQ7KHVHVWUDWHJLHVDUHWKRXJKWWRPLQLPLVHWKHXVHRI ZRUNLQJ
PHPRU\E\JDWKHULQJSHUFHSWXDOLQIRUPDWLRQMXVWLQWLPH,QWKHFDVHRI GUDZLQJWKLVLV
DFKLHYHGE\ORRNLQJEDFNDQGIRUWKEHWZHHQREMHFWDQGSDSHUPRUH&RKHQIRXQGWKLV
LQFUHDVHGJD]HIUHTXHQF\WREHDPDUNHURI GUDZLQJH[SHUWLVH
&KDPEHUODLQIRXQGIURPKHUUHYLHZRI OLWHUDWXUHDQGKHURZQHPSLULFDOUHVHDUFKWKDW
7KHUHLVVSDUVHHYLGHQFHRI DFRQQHFWLRQEHWZHHQYLVXDOVKRUWWHUP
PHPRU\9670ÀGHOLW\RUFDSDFLW\DQGGUDZLQJDELOLW\DQGDVDUHVXOWLW
KDVEHHQDUJXHGWKDWSUHPRWRUSODQVPD\FLUFXPYHQWWKHQHHGWRUHO\RQ
VKRUWWHUPUHSUHVHQWDWLRQV7KLVOLQHRI DUJXPHQWKLJKOLJKWVWKHUROHRI DQ
LQWHUDFWLYHYLVXRPRWRUV\VWHPLQGUDZLQJ&KDPEHUODLQS
,QGHHGIURPWKHLUÀQGLQJWKDWVXEMHFWVZHUHVSHQGLQJWLPHGUDZLQJZKLOHWKH\ZHUHORRNLQJ
DWWKHRULJLQDO7FKDOHQNRDQG0LDOOFRQFOXGHG
7KHIDFWWKDWYLVXDOSHUFHSWLRQRI WKHRULJLQDODQGPRWRUH[HFXWLRQRI WKH
FRS\RFFXUUHGVLPXOWDQHRXVO\VXJJHVWVWKDWGUDZLQJSURFHHGHGIURPD
YLVXRPRWRUPDSSLQJRI WKHRULJLQDODQGQRWIURPDQHQFRGHGLPDJHRI WKH
RULJLQDO7FKDOHQNRDQG0LDOOS
7KHLUSRLQWLVRQHDERXWWLPLQJDQGPHPRU\SURSRVLQJWKDWLQWKLVFDVHWKHHQFRGLQJWR
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PRWRUDFWLRQWDNHVSODFHGXULQJWKHORRNLQJUDWKHUWKDQODWHUGXULQJWKHGUDZLQJ
0LDOO·VEUDLQLPDJLQJVXSSRUWHGWKHLUGUDZLQJK\SRWKHVLVÀQGLQJDFWLYDWLRQSDWWHUQV
¶FRQVLVWHQWZLWKYLVXRPRWRUPDSSLQJGXULQJWKHHQFRGLQJSKDVHDQGQRHYLGHQFHIRU
UHWHQWLRQDQGUHFDOORI DPHQWDOYLVXDOLPDJHZDVIRXQG·7FKDOHQNR	0LDOOS,Q
VXPPDU\WKH\VWDWHGWKDWWKH\IRXQG
,QVWDQFHVZKHQWKHFRQYHQWLRQDOLQWHUSUHWDWLRQRI DYLVXRPRWRU
WUDQVIRUPDWLRQDSSOLHGWRDQHQFRGHGYLVXDOPHQWDOLPDJHGLGQRW
DGHTXDWHO\GHVFULEHGUDZLQJIURPOLIH7FKDOHQNRDQG0LDOOS
Functional imaging study of  the cognitive neuroscience of  drawing 
1H[WWKH\DGYDQFHGWKHLUVWXG\RI ¶EOLQGGUDZLQJ·IURPPHPRU\DQGIURPOLIHE\XVLQJI05,
EUDLQVFDQQLQJ0LDOO*RZHQ	7FKDOHQNR,QOLQHZLWKRWKHUH\HWUDFNLQJUHVHDUFK
WKH\H[DPLQHGGUDZLQJDVDXQLYHUVDOVNLOORQWKHUDWLRQDOHWKDW¶,QPRVWSHRSOHLWLVDVWDEOH
ORQJPDLQWDLQHGVNLOOZLWKOLWWOHRUQRDFWLYHOHDUQLQJFRPSRQHQWEHFDXVHZHW\SLFDOO\OHDUQ
WRGUDZGXULQJFKLOGKRRGDQGUDUHO\WU\WRLPSURYHLQODWHUOLIH·0LDOO*RZHQ	7FKDOHQNR
S7KH\WHVWHGWKLUWHHQXQWUDLQHGSDUWLFLSDQWV7KLVVWXG\WKHUHIRUHRIIHUVGHWDLOVRI 
DJHQHUDOPRGHOPXFKRI ZKLFKPD\DSSO\WRH[SHUWVDVZHOODVOHVVH[SHULHQFHGGUDZHUV
,QSXUVXLWRI FRJQLWLYHFRUUHODWHVRI GUDZLQJ0LDOODQG*RZHQGHYLVHGWHVWVWKDWVHSDUDWHG
GUDZLQJLQWRGLVWLQFWSKDVHVYLVXDOHQFRGLQJPHPRU\DQGH[HFXWLRQ²DQGUHFRUGHGWKH
IXQFWLRQDODFWLYLW\LQWKHEUDLQGXULQJHDFKVWHS0LDOO*RZHQ	7FKDOHQNRS)RU
YLVXDOHQFRGLQJLHZLWKRXWDQ\GUDZLQJWKH\IRXQGWKDWVXEMHFWV¶FDSWXUH·LQIRUPDWLRQ
WKURXJKSDWWHUQVRI JD]HÀ[DWLRQVGLIIHUHQWIURPWKRVHXVHGWRLGHQWLI\WKHIDFH7KH\VXJJHVW
WKDWDVSDWLDOUHSUHVHQWDWLRQRI WKHIDFHLVVWRUHGUHDG\IRUGUDZLQJH[HFXWLRQ$WWKLVVWDJH
WKHI05,GDWDFRXOGQRWXQDPELJXRXVO\LGHQWLI\ZKHUHWKLVUHSUHVHQWDWLRQPD\EHVWRUHG
DSDUWIURP¶DIXUWKHUKLQWWKDWWKHSUHPRWRUFRUWH[LVDSRVVLEOHVLWHRI UHWHQWLRQDVDPRWRU
SODQ·0LDOO*RZHQ	7FKDOHQNRS7KH\VXJJHVWWKDW
6XEVHTXHQWO\WKHGUDZLQJSURFHVVUHFUHDWHVWKHVHSODQQHGDFWLRQVDVWKH
H\HDQGKDQGDUHJXLGHGE\WKHUHWDLQHGYLVXRPRWRULQIRUPDWLRQDQGWKH
GUDZLQJSURFHHGVXQGHUH[HFXWLYHFRQWUROIURPKLJKHUIURQWDODUHDV·0LDOO
*RZHQ	7FKDOHQNRS
:KHQGUDZLQJIURPPHPRU\VXEMHFWV·EUDLQDFWLYLW\VXSSRUWHGWKHYLVXRPRWRUK\SRWKHVLV
'UDZLQJIURPPHPRU\DFWLYDWHVDUHDVLQSRVWHULRUSDULHWDOFRUWH[DQG
IURQWDODUHDV7KLVDFWLYLW\LVFRQVLVWHQWZLWKWKHHQFRGLQJDQGUHWHQWLRQRI 
WKHVSDWLDOLQIRUPDWLRQDERXWWKHIDFHWREHGUDZQDVDYLVXRPRWRUDFWLRQ
SODQ·0LDOO*RZHQ	7FKDOHQNRS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Themes and variations  - Matisse drawing. An eye-hand interaction study 
EDVHGRQDUFKLYDOÀOP
:LWKWKLVVWXG\7FKDOHQNREUHWXUQHGWRREVHUYDWLRQDOPHWKRGVRI WKHNLQGHPSOR\HGLQ
KLVÀUVWVWXG\RI 2FHDQDQDO\VLQJÀOPIRRWDJHRI DQDUWLVWGUDZLQJ,QDGGLWLRQWRTXDQWLWDWLYH
GDWDDERXWWKHH\HDQGKDQGKHRIIHUVDFRJQLWLYHLQWHUSUHWDWLRQRI WKHFKDQJLQJSDWWHUQV
RI H\HKDQGLQWHUDFWLRQXVLQJ0DWLVVH·VRZQUHÁHFWLRQVRQWKHSURFHVV7FKDOHQNR·VGHWDLOHG
DQDO\VLVRI 0DWLVVH·VPHWKRGOHDGVWRQHZTXHVWLRQVDERXWWKHDFWRI GUDZLQJ+HIRXQGWKDW
0DWLVVHOLNH2FHDQKDVDVWHDG\UK\WKPLFH\HPRYHPHQWF\FOHEHWZHHQPRGHODQGSDSHUDQG
PDNHVVLQJOHÀ[DWLRQVRQWKHPRGHO+RZHYHUWKHLQLWLDOVXJJHVWLRQWKDWDUWLVWVPD\XVHORQJHU
WKDQXVXDOÀ[DWLRQVRQWKHPRGHOZDVQRWVXSSRUWHGE\DQDO\VLVRI 0DWLVVH·VH\HPRYHPHQWV
+LVÀ[DWLRQVDUHPXFKVKRUWHUDQGRI FRPSDUDEOHOHQJWKWRWKRVHXVHGLQHYHU\GD\ORRNLQJ
DSSUR[LPDWHO\V+LVPHWKRGFORVHO\UHODWHVWRWKDWRI VXEMHFWVFRS\LQJOLQHGUDZLQJVVHH
0LDOO*RZHQ	7FKDOHQNRDQG7FKDOHQNRE%RWKFDVHVVXJJHVWWKDWDYLVXRPRWRU
HQFRGLQJSURFHVVJRYHUQHGWKHWUDQVIRUPDWLRQLQWRDSLFWXUHZLWKRXWUHFRXUVHWRVHTXHQWLDO
YLVXDOGHWDLOVKHOGLQZRUNLQJPHPRU\
7KURXJKREVHUYLQJ0DWLVVH·VPHWKRGZKLFKLQFOXGHG¶EOLQGGUDZLQJ·7FKDOHQNRGHYHORSV
KLVDUJXPHQW+HVWDWHVWKDWGUDZLQJZKLOHORRNLQJDZD\IURPWKHKDQGDQGSDSHU¶«KDV
QHYHUEHHQUHFRUGHGDVWKHJRYHUQLQJVWUDWHJ\ZKHQGUDZLQJIURPOLIH·ES7KLV
PDUNVDVLJQLÀFDQWPRPHQWLQKLVUHVHDUFKDQGVXJJHVWVWKDWEOLQGGUDZLQJPD\EHFHQWUDO
WRREVHUYDWLRQDOGUDZLQJSUDFWLFHEH\RQGMXVWDVZDUPXSH[HUFLVHVDVSURSRVHGE\ERWK
1LFRODwGHVDQG(GZDUGV
0DWLVVH·VGUDZLQJZDVRI WZRGLIIHUHQWW\SHVZLWK´WKHPHVµEHLQJREVHUYDWLRQDOVWXGLHV
DZD\RI OHDUQLQJDQGREVHUYLQJWKHPRGHODQG´YDULDWLRQVµEHLQJPRUHDNLQWRPXVLFDO
SHUIRUPDQFHVLQWKDWWKHOLQHVZHUHGUDZQVZLIWO\DQGLQSKUDVHVVXFKDVWKHOLQHRI WKHXSSHU
OLS+LVSURFHVVRI PDNLQJVWXGLHVDQGWKHQGUDZLQJDVHULHVRI YDULDWLRQVUDLVHVLQWHUHVWLQJ
TXHVWLRQVDERXWGLVWLQFWLRQVEHWZHHQREVHUYDWLRQDOGUDZLQJDQGGUDZLQJIURPPHPRU\DQG
LPDJLQDWLRQ,WLVXQFOHDUZKHWKHU0DWLVVH·VYDULDWLRQVDUHPRUHDNLQWRGUDZLQJIURPPHPRU\
WKDQIURPOLIHDQGKHQFHKDUGWRLQWHUSUHWKLVH\HPRYHPHQWVZLWKLQWKHSDUDPHWHUVRI 
REVHUYDWLRQDOGUDZLQJ,Q7FKDOHQNR·VPRVWUHFHQWVWXG\KHGLVFRYHUHGWKDW5RGLQVLPLODUO\
GUHZEOLQGDQGLQKLVFDVHLQDPXFKPRUHFOHDUO\REVHUYDWLRQDOZD\VHH7FKDOHQNRHWDO
LQSUHVV
Segmentation
,QWKHVWXG\Segmentation and accuracy in copying and drawing: – Experts and beginners 7FKDOHQNR
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D7FKDOHQNRWHVWHGWKH7FKDOHQNR0LDOOGUDZLQJK\SRWKHVHVLQWKHFRQGLWLRQRI 
¶GUDZLQJIURPOLIH·ZLWKVL[WHHQVXEMHFWVUDQJLQJIURPH[SHUWWRQRYLFH+HFRQFOXGHG
WKDWWKHVWXG\VXJJHVWVWKDWVHJPHQWDWLRQ¶IRUPVSDUWRI DIXQGDPHQWDOH\H²KDQGVWUDWHJ\
OHDGLQJWRDFFXUDF\LQFRS\LQJDQGGUDZLQJ·7FKDOHQNRDS+HVSHFLÀHGWKDWWKH
FRJQLWLYHDVSHFWVKHVWXGLHGZHUHWKHVHOHFWLRQRI OLQHVWRGUDZIROORZHGE\GUDZLQJRI WKH
OLQHV7FKDOHQNRDS+HUHVWULFWVKLVPRGHOWRWKHVHDVSHFWVZLWKRXWHOHPHQWVRI 
DVVHVVPHQWIHHGEDFNRUWULDODQGHUURUSURFHVVHV7FKDOHQNRFRPELQHVK\SRWKHVHVDERXW
VHJPHQWDWLRQDQGEOLQGGUDZLQJDQGSURSRVHVWKDWWKLVLVD¶QRPHPRU\VWUDWHJ\·ZLWKWKH
RULJLQDOGLYLGHGLQWRVLPSOHOLQHVDQGLPPHGLDWHO\GUDZQ+HVWDWHVWKDW¶,QWKLVZD\WKHXVH
RI ZRUNLQJPHPRU\ZDVPLQLPL]HGRUHYHQFRPSOHWHO\DYRLGHG·7FKDOHQNRDS+H
LQWHUSUHWVWKLVLQUHODWLRQWRUHFHQWH\HWUDFNLQJVWXGLHVVHH%DOODUGHWDO'UROO	+D\KRH
DQGFRJQLWLYHWKHRU\DERXWPHPRU\ORDGDQG¶MXVWLQWLPH·VWUDWHJLHV
6XFKD¶¶MXVWLQWLPHµVWUDWHJ\ZDVDGHOLEHUDWHFKRLFHE\WKHH[SHUWZKR
FRXOGKDYHVWRUHGLQPHPRU\DQGGUDZQDVHFRQGVHJPHQWLQFRQWLQXLW\
ZLWKWKHÀUVWEXWFKRVHLQVWHDGWRUHIHUEDFNWRWKHRULJLQDOZLWKDQHZJD]H
VKLIWF\FOH7KHFRVWRI H[WUDH\HDQGKHDGPRYHPHQWVZDVSUHIHUUHGWRWKH
KLJKPHPRU\ORDGVSUHVXPDEO\UHTXLUHGIRUDFFXUDWHFRS\LQJRI VKDSHDQG
GHWDLO7FKDOHQNRDS
,QWKLVSDSHU7FKDOHQNRVXJJHVWVKRZKLVÀQGLQJVPD\FRQWULEXWHWRSHGDJRJ\VWDWLQJWKDWWKH
EHJLQQHUV·SHUFHSWLRQZDV¶QRWDSSURSULDWH·IRUGUDZLQJ
&RQFHQWUDWLQJRQVHJPHQWDWLRQPD\EHWKRXJKWRI DVDZHOOGHÀQHG
DEVWUDFWWDVNOHVVOLNHO\WRGLYHUWWKHEHJLQQHULQWRWU\LQJWRGUDZZKDWD
QRVHLVVXSSRVHGWRORRNOLNHUDWKHUWKDQWKHJHRPHWULFDOVKDSHRXWWKHUHLQ
WKHH[WHUQDOZRUOG7FKDOHQNRDS
+HIRXQGWKDWEHJLQQHUVGLGQRWVXEGLYLGHWKHLPDJHLQWRVLPSOHOLQHV+HVXUPLVHGWKDW
WUDLQLQJDQGH[SHULHQFHKDGWDXJKWH[SHUWVWRVHJPHQW
7FKDOHQNRHWDOFRQWLQXHGWKHVWXG\RI ¶EOLQGGUDZLQJ·7FKDOHQNRHWDOLQSUHVVE\
WHVWLQJWKLUW\VXEMHFWVZLWKOLWWOHWRPRGHUDWHGUDZLQJH[SHULHQFHRQVHYHUDOGUDZLQJWDVNV
UDQJLQJLQFRPSOH[LW\7KH\IRXQGWKDWWKHDPRXQWRI EOLQGGUDZLQJLQFUHDVHGSURJUHVVLYHO\
DVWDVNVEHFDPHPRUHFRPSOLFDWHG7KHLUPRGHOEHFRPHVPRUHÀQHJUDLQHGZLWKGHWDLOVRI 
H[DFWO\ZKHQGXULQJWKHSURGXFWLRQRI DOLQHVHJPHQWVXEMHFWVORRNDWWKHSDSHU²MXVWEHIRUH
WKHHQGRI DSKDVHRI GUDZLQJ7FKDOHQNRHWDOLQSUHVVSDQG
(DFKOLQHVHJPHQWZDVHQFRGHGZLWKWKHKHOSRI RQHRUVHYHUDOÀ[DWLRQVRQ
WKHRULJLQDOVWLPXOXV6LPXOWDQHRXVO\WKHKDQGVWDUWHGGUDZLQJWKHVHJPHQW
RQWKHSLFWXUHZKLOHWKHH\HZDVVWLOOFHQWUHGRQWKHRULJLQDO7FKDOHQNRHW
DOLQSUHVVS
7KH\UHSRUWWKDWEHWZHHQDQGRI WLPHVSHQWGUDZLQJZDVEOLQGGUDZLQJ7KH\
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VXJJHVWWKDWWKHPRUHFRPSOH[WDVNVUHTXLUHGPRUHYLVXDODQDO\VLVRI WKHRULJLQDOZKDWFRXOG
EHUHIHUUHGWRDVÀQGLQJRUFKRRVLQJWKHOLQHV
:HVXJJHVWWKHUHIRUHWKDWXQGHUWKHWHVWFRQGLWLRQVXVHGLQWKHSUHVHQW
LQYHVWLJDWLRQRXUUHVXOWVVKRZWKDWWKHDPRXQWRI EOLQGGUDZLQJ
ZDVSRVLWLYHO\UHODWHGWRWDVNGLIÀFXOW\WKHPRUHGLIÀFXOWWKHWDVNRI 
GHWHUPLQLQJWKHOLQHVHJPHQWWREHGUDZQWKHJUHDWHUWKHDPRXQWRI WLPH
UHTXLUHGIRUYLVXRPRWRUHQFRGLQJGXULQJJD]HVRQWKHRULJLQDO7FKDOHQNR
HWDOLQSUHVVS
7KH\FRQQHFWWKLVEHKDYLRXUZLWK2·5HJDQ·VVXJJHVWLRQWKDWZHFDQXVHWKHH[WHUQDOZRUOG
UDWKHUWKDQPHPRU\IRULQIRUPDWLRQ2·5HJDQ+HDUJXHGWKDWZKHQDQREMHFWLVYLVLEOH
LWGRHVQRWQHHGWREHFRPPLWWHGWRPHPRU\DVLWFDQEHUHIHUUHGWRDVRIWHQDVQHHGHG
WRLQIRUPDFWLRQ7FKDOHQNRHWDOLQSUHVVS)XUWKHUPRUHWKLVLGHDRI UHIUHVKLQJ
RI PHPRU\ÀWVZLWK&RKHQ·VÀQGLQJVFRUUHODWLQJKLJKQXPEHURI JD]HVKLIWVZLWK
DFFXUDF\DVZHOODVVXJJHVWLQJDVROXWLRQWRWKHSUREOHPRI ¶FRQFHSWXDOELDV·
WKHKLJKIUHTXHQF\RI RULJLQDOJD]HVUHSODFHVGUDZLQJIURPDQLPDJHKHOG
LQPHPRU\E\GUDZLQJGLUHFWO\IURPWKHSHUFHLYHGVWLPXOXV7KLVLQWXUQ
DYRLGVLQHIIHFWLYHDQGGLVWRUWLQJVWUDWHJLHVVXFKDVIRUH[DPSOHDVVLPLODWLQJ
WKHWREHGUDZQVWLPXOXVZLWKSULRUNQRZOHGJHRI DSURWRW\SH7FKDOHQNR
HWDOLQSUHVVS
7FKDOHQNRPDNHVDVLJQLÀFDQWFRQWULEXWLRQWRGUDZLQJUHVHDUFKE\EULQJLQJDWWHQWLRQWRERGLO\
PRYHPHQWDQGFRRUGLQDWLRQ3UHYLRXVUHVHDUFKIRFXVHGRQSV\FKRORJLFDODVSHFWVRI GUDZLQJ
SURGXFWLRQDQGDVRXWOLQHGRQWKHUROHRI ORRNLQJ+HEULQJVWKHIRFXVWRWKHPRWRUV\VWHP
FRQWUROOLQJWKHKDQG$VKRSHGKLVDWWHPSWVWRLVRODWHSKDVHVRI WKHGUDZLQJSURFHVVRIIHUHG
XVHIXOLQIRUPDWLRQDERXWFRJQLWLYHSURFHVVHVDQGDFKDOOHQJHWRWKHFRQYHQWLRQDOYLHZRI 
YLVXDOFDSWXUH
+RZHYHUKHPRGHOVGUDZLQJDVDOLQHDUVHTXHQFHQHYHUHVFDSLQJIURPWKHFRPSXWDWLRQDO
SDUDGLJPZKHUHLQWKHH\HFDSWXUHVWKHLPDJHDQGWKHKDQGWKHQH[HFXWHVWKHGUDZLQJ+HLV
UHGXFWLRQLVWLQDSSURDFKFUHDWLQJDVLPSOLÀHGPRGHORI WKHREVHUYDWLRQDOGUDZLQJSURFHVV
WKDWFDQEHGHVFULEHGLQDFKURQRORJLFDOQDUUDWLYH
2.7 Active vision theory - Richard Gregory 
Vision as hypothesis testing
$QRWKHUVFLHQWLVW5LFKDUG*UHJRU\EULQJVDUWLVWV·DFFRXQWVDQGYLHZVLQWRDFRQWHPSRUDU\
VFLHQWLÀFFRQWH[W,QEye and Brain*UHJRU\KHRXWOLQHVWKHSK\VLRORJ\RI WKHH\H
DQGUHODWHVLWWRHYHU\GD\IXQFWLRQLQJRI WKHH\HDQGLQThe Artful Eye*UHJRU\KH
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GLVWLQJXLVKHVEHWZHHQ¶VLJKWIRUVXUYLYDO·DQGDGDSWHGVLJKWIRU¶VHHLQJDQGFUHDWLQJEHDXW\·
SY
*UHJRU\H[SODLQVYLVLRQDVFRQWLQJHQWRSHUDWLQJYLDDV\VWHPRI K\SRWKHVLVWHVWLQJ:H
LQWHUSUHWVHQVDWLRQIURPDSRVLWLRQRI ZKDWPLJKWEHWKHFDVHLHZHEULQJNQRZOHGJHRI 
SK\VLFVWRHYHU\HQFRXQWHU7KLVLQFOXGHVNQRZOHGJHRI KRZJUDYLW\DIIHFWVREMHFWVKRZ
OLJKWIDOOVRQWKLQJVDQGWKHIDFWWKDWWKLQJVDSSHDUVPDOOHUZKHQWKH\DUHIXUWKHUDZD\+H
FRPPHQWVWKDW¶,WWDNHVDOHDSRI LPDJLQDWLRQWRDSSUHFLDWHWKDWWKHH\HVVHWH[WUHPHO\GLIÀFXOW
SUREOHPVIRUWKHEUDLQWRVROYHIRUVHHLQJWREHSRVVLEOH·*UHJRU\S
Vision is sketchy and underdetermined
*UHJRU\GHVFULEHVRFXODUYLVLRQDV¶VNHWFK\·S+RZGRREVHUYDWLRQDOGUDZHUV
DXJPHQWWKLVVNHWFK\YLHZLQWRDGHWDLOHGDFFXUDWHSUHVHQWDWLRQ"7KLVLVDFHQWUDOTXHVWLRQ
HPHUJLQJIURPWKLVLQWHUGLVFLSOLQDU\UHYLHZ+HDVNVKRZRFXODUYLVLRQZRUNV¶+RZDUH
JKRVWO\LPDJHVWUDQVIRUPHGLQWRDSSHDUDQFHRI VROLGREMHFWVO\LQJLQDQRXWHUZRUOGRI VSDFH
DQGWLPH"SZKHQ¶$OOWKHEUDLQUHFHLYHVDUHPLQXWHHOHFWURFKHPLFDOSXOVHVRI YDULRXV
IUHTXHQFLHVDVVLJQDOVIURPWKHVHQVHV7KHVLJQDOVPXVWEHUHDGE\UXOHVDQGNQRZOHGJH
WRPDNHVHQVH·S*UHJRU\·VYLHZLPSOLFLWO\RSSRVHVLQQRFHQWH\HWKHRULHVPDNLQJ
FOHDUWKDWDQ\DFWLYHYLVLRQWKHRU\HQWDLOVDODUJHFRQWULEXWLRQIURPWKHEUDLQDQGIURPWRS
GRZQSURFHVVHV0RUHWKDQKDOI RI WKHFRUWH[LVLQYROYHGLQYLVLRQZLWKPDQ\¶WRSGRZQ·
SDWKZD\VFRQWULEXWLQJWRSHUFHSWLRQ+HFRPPHQWV¶:KDWLVVWULNLQJLVWKHKXJHDPRXQWRI 
EUDLQFRQWULEXWLQJWRYLVLRQJLYLQJLPPHQVHDGGHGYDOXHWRWKHLPDJHVRI WKHH\HV·S
DQG¶7KHDGGHGYDOXHPXVWFRPHIURPG\QDPLFEUDLQSURFHVVHVHPSOR\LQJNQRZOHGJHVWRUHG
IURPWKHSDVWWRVHHWKHSUHVHQWDQGSUHGLFWWKHLPPHGLDWHIXWXUH·S+HHPSKDVLVHV
WKHLPSRUWDQFHRI SUHGLFWLRQIRUVXUYLYDO7KHH\HLVIDVWLWVPDLQIXQFWLRQEHLQJWRDVVHVV
GDQJHUDQGWRLQIRUPDFWLRQ
Perception is interpretation
*UHJRU\RXWOLQHVWKHGRPLQDQWYLHZLQFRJQLWLYHVFLHQFHWKDWWKHEUDLQVWRUHVUHSUHVHQWDWLRQV
LQYDULRXVIRUPVWKDWDUHDOUHDG\LQWHUSUHWDWLRQVRI VHQVHGDWD+HVWDWHVWKDWWKHFUXFLDO
SRLQWLVWKDW¶VHQVRU\VLJQDOVDUHQRWDGHTXDWHIRUGLUHFWRUFHUWDLQSHUFHSWLRQVVRLQWHOOLJHQW
JXHVVLQJLVQHHGHGIRUVHHLQJREMHFWV·SDQG¶SHUFHSWLRQVDUHSUHGLFWLYHQHYHU
HQWLUHO\FHUWDLQK\SRWKHVHVRI ZKDWPD\EHRXWWKHUH·S
$QLPSRUWDQWHOHPHQWRI *UHJRU\·VYLHZLVWKHUROHRI WRXFK+HH[SODLQVWKDW¶7KHEUDLQ·V
WDVNLVQRWWRVHHUHWLQDOLPDJHVEXWWRUHODWHVLJQDOVIURPWKHH\HVWRREMHFWVRI WKHH[WHUQDO
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ZRUOGDVHVVHQWLDOO\NQRZQE\WRXFK([SORUDWRU\WRXFKLVYHU\LPSRUWDQWIRUYLVLRQ¶
S+HVWDWHVWKDW¶6HHLQJREMHFWVLQYROYHVJHQHUDOUXOHVDQGNQRZOHGJHRI REMHFWVIURP
SUHYLRXVH[SHULHQFHGHULYHGODUJHO\IURPKDQGVRQH[SORUDWLRQ·S
7KHUHLVPXFKUHVHDUFKHYLGHQFHWKDWWKHKDQGGLVSHOVLOOXVLRQVDQGFDQDXJPHQWYLVXDO
SHUFHSWLRQIRUH[DPSOHVHH$JOLRWL'H6RX]D	*RRGDOHDQG*DQHO7DQ]HU	
*RRGDOH&KDPEHUODLQFRQFOXGHVIURPKHUUHYLHZRI UHVHDUFKÀQGLQJV¶7KXVLWZRXOG
VHHPPRUHOLNHO\WKDWWKHKDQGZRXOGH[SUHVVDOHVVELDVHGLPSUHVVLRQRI WKHZRUOGWKDQWKH
H\H·S6HH&KDSWHUIRUGHWDLOVRI SHUFHSWLRQUHVHDUFK
2.8 Enactive perception theory - Alva Noë
:KHQ$OYD1RsVWDWHVWKDWD·SLFWXUHLVFRPSRVHGRI PRYHPHQWV·1RsSKH
UHPLQGVXVWKDWDGUDZLQJLVDSURFHVVDQGERWKUHFRUGVDQGHYRNHVDFWLRQ+LVSURSRVLWLRQLV
WKDWSHUFHSWLRQLVDQDFWLYLW\UDWKHUWKDQDQLQWHUQDOUHSUHVHQWDWLRQRI WKHZRUOG7KLVPRYHV
DZD\IURPDSDVVLYHYLHZRI WKHH\HWKDWKROGVWKDWWKHH\HUHFHLYHVLQIRUPDWLRQZKHQOLJKW
IDOOVRQWKHUHWLQD$FWLYHYLVLRQVHH)LQGOD\DQG*LOFKULVWGHÀQHGWKHSURFHVVDVWKH
¶FDSWXUH·RI YLVXDOLQIRUPDWLRQHPSKDVLVLQJWKHUROHRI DWWHQWLRQDQGH\HPRYHPHQWVLQ
SHUFHSWLRQ7KHQHZVFLHQWLÀFYLHZVHH7FKDOHQNRHWDOLQSUHVVLVWKDWPRWRUSODQQLQJ
SOD\VDJUHDWHUUROHWKDQSUHYLRXVO\WKRXJKWLQGUDZLQJIURPOLIH7KHHQDFWLYHDUJXPHQWWDNHV
DIXUWKHUVWHSE\DFFRXQWLQJIRUIHHGEDFNSURFHVVHVDQGGLVWULEXWHGFRJQLWLRQ2EVHUYDWLRQDO
GUDZLQJLVDSDUWLFXODUZD\RI PRYLQJGHYHORSHGWKURXJKSUDFWLFHDQGKHQFHDSDUWLFXODU
V\VWHPIRUFROOHFWLQJVHQVRU\LQIRUPDWLRQIRUGHYHORSPHQWDQGOHDUQLQJ
Perception in action
¶3HUFHLYLQJLVDZD\RI DFWLQJ·DQG¶QRWVRPHWKLQJWKDWKDSSHQVWRXVRULQXV,WLVVRPHWKLQJ
ZHGR·1RsS
2XUUHODWLRQVKLSVZLWKREMHFWVDOWHUDVZHPRYHWKURXJKWKHZRUOG:HOHDUQIURPRXU
H[SHULHQFHVDQGWKLVNQRZOHGJHLQIRUPVHYHU\VXEVHTXHQWHQFRXQWHUKRZZHDSSURDFK
REMHFWVDQGRXUVHQVRU\HQJDJHPHQWDQGXQGHUVWDQGLQJ(YHU\WLPHZHSHUFHLYHVRPHWKLQJ
DVKLIWRFFXUVWKDWLVRQO\SRVVLEOHWKURXJKPRYHPHQW0RYLQJFKDQJHVRXUSHUVSHFWLYHDQG
SHUFHSWLRQ7KHPRVWUHGXFHGIRUPRI WKLVLVZKHQZHPRYHRQO\RXUH\HVDQGNHHSWKHUHVW
RI RXUERG\VWLOO2XUYLVXDODQVZHUVDUHWKRVHWKDWPDNHWKHEHVWVHQVHRI WKLQJVIURPRXU
FXUUHQWSRLQWRI YLHZUDWKHUWKDQYLVXDODEVROXWHV¶7KHZRUOGPDNHVLWVHOI DYDLODEOHWRWKH
SHUFHLYHUWKURXJKSK\VLFDOPRYHPHQWDQGLQWHUDFWLRQ·1RsS
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,QWKHPLGWZHQWLHWKFHQWXU\0HUOHDX3RQW\GHYHORSHGWKLVHQDFWLYHYLHZRI SHUFHSWLRQDV
DQHPERGLHGH[SHULHQFHVHHPhenomenology of  Perception7KHGLVFLSOLQHRI FRJQLWLYH
VFLHQFHZDVERUQDWWKHWLPH0HUOHDX3RQW\ZDVZULWLQJKLVSKLORVRSKLFDOWUHDWLVHDQGKLV
HVVD\VEye and Mind DThe Visible and the Invisible EDQGCezanne’s Doubt F+H
UHODWHGKLVLQVLJKWVDERXWSKHQRPHQRORJLFDOH[SHULHQFHRI YLVXDOSHUFHSWLRQWRH[SHULPHQWDO
ÀQGLQJV,QCezanne’s DoubtKHFRQVLGHUVWKHDUWLVW·VHIIRUWVWRUHSUHVHQWKLVSHUFHSWLRQRI 
WKHH[WHUQDOZRUOGLQWKHOLJKWRI WKHVFLHQFHRI YLVLRQ0HUOHDX3RQW\·VSRVLWLRQEDVHGRQ
SKHQRPHQRORJLFDOH[SHULHQFHLVWKDWZHRXUVHOYHVFUHDWHERXQGDULHVDQGOLQHVEHWZHHQWKLQJV
DVSDUWRI WKHSURFHVVRI OLYLQJDQGJLYLQJPHDQLQJWRRXUOLYHV
)RUWKHZRUOGLVDPDVVZLWKRXWJDSVDV\VWHPRI FRORXUVDFURVVZKLFKWKH
UHFHGLQJSHUVSHFWLYHWKHRXWOLQHVDQJOHVDQGFXUYHVDUHLQVFULEHGOLNHOLQHV
RI IRUFHWKHVSDWLDOVWUXFWXUHYLEUDWHVDVLWLVIRUPHG0HUOHDX3RQW\F
S
,QDVLPLODUYHLQ*DOOHVHDUJXHVWKDWELQDU\DFFRXQWVOHDYHPDQ\TXHVWLRQVXQDQVZHUHGLQ
VFLHQFHLQFOXGLQJWKHGLYLVLRQEHWZHHQVHQVHDQGDFWLRQ
7RGD\ZHDUHFRQVWDQWO\H[SRVHGWRWKHVRSRSXODUPDQWULFVXFFHVVLRQRI 
GLFKRWRPLHVSURSRVHGDVWKHVWDWHRIWKHDUWDFFRXQWRI YLVLRQZKHUH
ZKDWKRZZKDWSUDJPDWLFVHPDQWLFHJRFHQWULFDOORFHQWULFDQGVR
RQ*DOOHVHS
7RDGYDQFHLQRXUXQGHUVWDQGLQJRI SHUFHSWXDOOHDUQLQJZHQHHGWRHQWHUWDLQDQGJUDSSOHZLWK
QRWRQO\IHHGEDFNSURFHVVHVEXWZLWKWKHVHFRXSOLQJVDQGLQWHUSOD\VEHWZHHQEUDLQSURFHVVHV
$FFRUGLQJWRWKHDERYHGUDZLQJDQGSHUFHSWLRQERWKFODVVLI\DQGGHOLQHDWHH[SHULHQFH
WRPDNHVHQVHRI LPSUHVVLRQVDQGHQDEOHXVWROHDUQDQGDFW2EMHFWVRIIHUDIIRUGDQFHV
RSSRUWXQLWLHVIRUDFWLRQVHH*LEVRQ*DOOHVHVXJJHVWVWKDW
REMHFWVDUHQRWPHUHO\LGHQWLÀHGDQGUHFRJQL]HGE\YLUWXHRI WKHLUSK\VLFDO
¶DSSHDUDQFH·EXWLQUHODWLRQWRWKHHIIHFWVRI WKHLQWHUDFWLRQZLWKDQDJHQW
,QVXFKDFRQWH[WWKHREMHFWDFTXLUHVDPHDQLQJIXOYDOXHE\PHDQVRI LWV
G\QDPLFUHODWLRQZLWKWKHDJHQWRI WKLVUHODWLRQ*DOOHVHS
0F*XLUNDUWLFXODWHVWKHHPERGLHGYLHZRI FRJQLWLRQLQUHODWLRQWRGUDZLQJ
%\FHDVLQJWREHDPHUHREVHUYHUDQGWKURXJKWKHSURFHVVRI IHHGEDFN
WKHGUDIWVPDQZRPDQLQDKROLVWLFVHQVHEHFRPHVDSDUWRI DQLQWHUDFWLRQ
,QWKH¶VLWXDWHGFRJQLWLRQ·YLHZWKHSHUVRQHQYLURQPHQWUHODWLRQVKLSLV
UDGLFDOO\DOWHUHGIURPWKH&DUWHVLDQHSLVWHPRORJLFDOPRGHO·VHPSKDVLVRQWKH
VHSDUDWLRQRI VXEMHFWDQGREMHFWWRRQHRI DKROLVWLFLQWHJUDWLRQ0F*XLUN
S
Perceptual development and learning
$VH[SODLQHGDERYH5LFKDUG*UHJRU\GHVFULEHVYLVXDOSHUFHSWLRQDVK\SRWKHVLVWHVWLQJ
ZKHUHLQZHGHYHORSEOXHSULQWVRUVFKHPDVRI KRZZHH[SHFWWKLQJVWRORRNDQGEHKDYH
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:HWHVWRXUVHQVRU\H[SHULHQFHVDJDLQVWWKHVHDQGVHH*RPEULFK,I VRPHWKLQJZH
VHHGRHVQRWÀWLQWHUPVRI RXUH[SHULHQFHIRUH[DPSOHDSSHDUVWRGHI\JUDYLW\PRYHVLQD
VWUDQJHZD\FDVWVVWUDQJHVKDGRZVZHZLOOVWHSEDFNUHDVVHVVDQGWU\WRXQGHUVWDQGLWZLWKLQ
RXUIUDPHZRUNRI ZKDWZHFRQVLGHUWREHSK\VLFDOO\SRVVLEOH7KLVPHDQVWKDWLQPRVWFDVHV
ZKDWZHVHQVHLVLQWHUSUHWHGZLWKLQDIUDPHZRUNRI ZKDWZHH[SHFWWRVHH7KHVHIUDPHZRUNV
FRQVLVWRI WDFLWNQRZOHGJHDVZHOODVGHFODUDWLYHNQRZOHGJH
3HUFHLYHUVKDYHDQLPSOLFLWSUDFWLFDOXQGHUVWDQGLQJRI WKHZD\PRYHPHQWVSURGXFHFKDQJHVLQ
VHQVRU\VWLPXODWLRQ7KH\DOVRKDYHDQLPSOLFLWSUDFWLFDOXQGHUVWDQGLQJWKDWWKH\DUHFRXSOHG
WRWKHZRUOGLQVXFKDZD\WKDWPRYHPHQWVSURGXFHVHQVRU\FKDQJH1RsS
,QVHPLQDOUHVHDUFK+HOGDQG+HLQH[SORUHGSHUFHSWXDOOHDUQLQJDQGKRZLWVWHPVIURPVHOI
PRWLYDWHGDFWLRQ+HOG	+HLQ7KH\IRXQGWKDWNLWWHQVZKRZHUHDOORZHGWRFRQWURO
WKHLURZQDFWLRQGHYHORSHGEHWWHUGHSWKSHUFHSWLRQWKDQWKRVHZKRZHUHSDVVLYHO\PRYHG
DURXQG7KH\IRXQGWKDWNLWWHQ$ZKRZDVPRYHGDURXQGLQDVOLQJLQDFDURXVHOGLGQRW
GHYHORSGHSWKSHUFHSWLRQDVZHOODVNLWWHQ%ZKRZDVFRQWUROOLQJLWVRZQPRYHPHQW7KLV
VXJJHVWHGWKDWSHUFHSWXDOOHDUQLQJUHOLHVRQVHOIGLUHFWHGDFWLRQDQGRQHVWDEOLVKLQJOLQNV
EHWZHHQYROLWLRQDOPRYHPHQWDQGVHQVRU\H[SHULHQFH
Perception needs a body
&RQWUDU\WRWKFHQWXU\EHKDYLRXULVWYLHZVZKHUHLQWKHSK\VLFDOVWLPXODWHGWKHPLQGDQGWKH
PLQGWKHQFRQWUROOHGDFWLRQ-DPHV*LEVRQVXJJHVWHGWKDWWKHPHQWDODQGWKHSK\VLFDOZHUH
LQWHUWZLQHG+HWKRXJKWWKDWOHDUQLQJSURJUHVVHGLQSDUDOOHOZLWKWKHPLQGDQGERG\DFWLQJ
WRJHWKHUÀQGLQJSK\VLFDODQGFRJQLWLYHPHDQLQJ7KHLPSRUWDQWSRLQWLVWKDWSHUFHSWLRQLV
DFWLYHDQGWKDWQRVHQVHLVVLPSO\DSDVVLYHUHFHLYHURI VWLPXOL$OWKRXJKWKHUHLVGHEDWHDERXW
VFKHPDWDDQGLQWHUQDOUHSUHVHQWDWLRQVLQWKHEUDLQ*UHJRU\·VLGHDRI YLVLRQDVK\SRWKHVLV
WHVWLQJLVLQOLQHZLWK*LEVRQ·VYLHZWKDWSHUFHSWLRQLVDQDFWLYHH[SORUDWRU\DFWLYLW\VHDUFKLQJ
IRULQIRUPDWLRQ*LEVRQ
7KHDUJXPHQWIRUHQDFWLYHYLVLRQWDNHVYDULRXVIRUPVVLWXDWHGDQGGLVWULEXWHGFRJQLWLRQDQG
HPERGLPHQWWKHRU\7KHODWWHUDUJXHVWKDWWKRXJKWLVLQWHUWZLQHGZLWKWKHERG\VHH/DNRII 
DQG-RKQVRQ
-RKQVRQHPSKDVLVHVWKDWVFKHPDWDDUHG\QDPLFDQGHPERGLHGSURYLGLQJH[SORUDWRU\DQG
RUJDQLVLQJVWUXFWXUHVDOORZLQJWKHERG\WRWKLQNDVZHOODVSHUIRUP-RKQVRQ2·5HJDQ
DQG1RsDOVRFRQVLGHUSHUFHSWLRQWREHH[SORUDWLRQDVIROORZV
,QVWHDGRI DVVXPLQJWKDWYLVLRQFRQVLVWVLQWKHFUHDWLRQRI DQLQWHUQDO
UHSUHVHQWDWLRQRI WKHRXWVLGHZRUOGZKRVHDFWLYDWLRQVRPHKRZJHQHUDWHV
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YLVXDOH[SHULHQFHZHSURSRVHWRWUHDWYLVLRQDVDQH[SORUDWRU\DFWLYLW\
>@7KHFHQWUDOLGHDRI RXUQHZDSSURDFKLVWKDWYLVLRQLVDPRGHRI 
H[SORUDWLRQRI WKHZRUOG«2·5HJDQ	1RsS
:KHQFRQFHLYHGDVDPRGHRI H[SORUDWLRQWKHGLVWLQFWLRQVEHWZHHQH\HDQGKDQGEHJLQWR
EUHDNGRZQÀUVWO\DOORZLQJXVWRUHFRJQL]HWKDWERWKDUHPRWRUDJHQWVZLWKWKHSRZHUWR
IRFXVDWWHQWLRQDQGWRH[SORUH
2.9 Methodologies in contemporary drawing 
research
How is accurate drawing achieved?
$FRPPRQDSSURDFKIRUGUDZLQJUHVHDUFKERWKKLVWRULFDOO\DQGFXUUHQWO\DQGLQVFLHQFHDQG
SHGDJRJ\LVWRWU\WRÀQGRXWKRZDFFXUDWHREVHUYDWLRQDOGUDZLQJLVDFKLHYHG7KHUHVHDUFKHUV
IDOOLQWRWZRFDWHJRULHVWKRVHIRUZKRPDQVZHULQJWKLVTXHVWLRQLVYDOXDEOHIRULWVFRQWULEXWLRQ
WRSHGDJRJ\DQGWKRVHZLVKLQJWRVKHGOLJKWRQFRJQLWLYHDQGSHUFHSWXDOSURFHVVHV
5XVNLQZDVRIIHULQJSUDFWLFDODGYLFHDQGSHUKDSVWKHQRWLRQRI WKHLQQRFHQWH\HZRUNHGDQG
VWLOOZRUNVDVDXVHIXOFRQFHSWXDOVWUDWHJ\IRUGUDZLQJIURPOLIH(GZDUGV·GUDZLQJDGYLFH
DQGWKHFRJQLWLYHPRGHOVKHRIIHUVKHUVWXGHQWVUDLVHWKHVDPHLVVXHRQHFHQWUDOWRWKLVVWXG\
DQGPHWKRGRORJ\KRZVFLHQWLÀFIDFWVDQGHYLGHQFHDERXWGUDZLQJSURGXFWLRQVLWZLWKWKH
SUDJPDWLFVRI GUDZLQJHGXFDWLRQ$QREMHFWLYHRI WKLVUHYLHZDQGWKHIROORZLQJFKDSWHURQ
PHWKRGRORJ\LVWRH[SORUHKRZVFLHQFHDQGUHÁHFWLYHSUDFWLFHPD\RIIHUQHZERWKXVHIXODQG
HPSLULFDONQRZOHGJHIRUWKHGUDZLQJVWXGLRDQGHGXFDWRU
5HVHDUFKIRFLGLYLGHLQWRWKHVWXG\RI SK\VLFDOO\REVHUYDEOHPRWRUHOHPHQWVRI GUDZLQJWKH
H\HWKHKDQGDQGH\HKDQGLQWHUDFWLRQDQGWKHVWXG\RI QRQREVHUYDEOHDVSHFWVRI FRJQLWLRQ
DQGSHUFHSWLRQ6LWXDWHGDQGHPERGLHGSHUVSHFWLYHVRQOHDUQLQJDQGFRJQLWLRQHPSKDVLVHWKH
HSLVWHPLFGLIÀFXOWLHVZLWKVHSDUDWLQJEHKDYLRXUIURPFRJQLWLRQDQGDFWLRQIURPSHUFHSWLRQ
,QH[SHULPHQWDOFRQGLWLRQV&RKHQDQG%HQQHWWDWWHPSWHGWRVHSDUDWHHOHPHQWV
RI GUDZLQJLQWRPRWRUFRRUGLQDWLRQWKHGHFLVLRQPDNLQJSURFHVVPLVSHUFHSWLRQRI 
RQH·VGUDZLQJPLVSHUFHSWLRQRI WKHVXEMHFWWKLQJWREHGUDZQ7KH\ZDQWHGWRLGHQWLI\
IDFWRUVWKDWSUHYHQWDFFXUDWHREVHUYDWLRQDOGUDZLQJDQGDVRXWOLQHGDERYHWKH\FRQFOXGHG
WKDW¶PLVSHUFHSWLRQ·RI WKHWKLQJWREHGUDZQLVWKHVROHFDXVHRI LQDFFXUDF\7KHUHLVDQ
XQGHUO\LQJFRQFHUQDERXWZKHWKHUFRJQLWLYHDVSHFWVRI WKHGUDZLQJWDVNFDQEHVSOLWLQWRWKHVH
HOHPHQWVE\H[SHULPHQWDOSURFHGXUH7KLVQHHGVWREHERUQLQPLQGLQDQ\H[SHULPHQWDOVHW
XSZKHUHWKHGULYHLVWRLVRODWHDQGFRQWUROHOHPHQWVWRFUHDWHWHVWDEOHVFHQDULRV
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Observation of  behaviour 
9DQ6RPPHUV·VHHPVWRUHIXWH&RKHQDQG%HQQHW·VFODLPÀQGLQJ¶H[HFXWLYHFRQVWUDLQWVLQ
GUDZLQJ·SSLHSUREOHPVUHODWLQJWRWKHGUDZLQJDFWLRQE\WKHKDQGDQGWKHLU
LQÁXHQFHRQDFFXUDF\9DQ6RPPHUVEHJDQZLWKREVHUYDWLRQDQGFROOHFWLRQRI GDWDIURPD
ODUJHQXPEHURI VXEMHFWVRYHUPDQ\\HDUVEHIRUHLQWHUSUHWLQJLW+LVPHWKRGLVPRUHUHOHYDQW
WRWKLVVWXG\WKDQKLVÀQGLQJVDVKHGLGQRWGLVWLQJXLVKH[SHUWVIURPQRYLFHVVRGRHVQRW
RIIHUDQH[SHUWPRGHORI GUDZLQJH[HFXWLRQ+RZHYHUKHFRUUHODWHVGUDZLQJVWUDWHJLHVDQG
VHTXHQFHVRI H[HFXWLRQZLWKDFFXUDF\SUHVHQWLQJPRUHDQGOHVVVXFFHVVIXODSSURDFKHV
9DQ6RPPHUVFRPELQHGVFLHQWLÀFWHVWLQJZLWKREVHUYDWLRQH[SORULQJWKH¶SULQFLSOHVRI 
VLPSOHGUDZLQJ·S,QWKHHDUO\VKHEHJDQE\ORRNLQJIRU¶H[HFXWLYHFRQVLVWHQFLHV
LQGUDZLQJ·SLHFRPPRQGUDZLQJSURFHGXUHLQWHUPVRI WKHPRWRUH[HFXWLRQHJ
ZKHQSHRSOHGUDZWKHOLQHVLQWKHVDPHRUGHU
+LVVWXG\RIIHUVTXDQWLWDWLYHGDWDDERXWGUDZLQJSURGXFWLRQE\QXPHURXVXQWUDLQHGGUDZHUV
SURYLGLQJEDVHGDWDDERXWFRPPRQVWUDWHJLHVDQGEHKDYLRXUVDQGVXJJHVWLQJZK\VRPH
WDVNVDUHIRXQGWREHHDVLHUWKDQRWKHUV+LVHDUO\QDWXUDOLVWLFUHVHDUFKSURYLGHVGHWDLOHGDQG
H[WHQVLYHLQIRUPDWLRQDERXWSURFHVV9DQ6RPPHUVVWXGLHGXQWUDLQHGGUDZHUVERWKDGXOWVDQG
FKLOGUHQGHVFULELQJWKHLUHIIRUWVDV¶YHUQDFXODU·S[LLVRKLVHPSKDVLVZDVRQGHÀQLQJ
JHQHUDOGUDZLQJDSSURDFKHV
+HGHÀQHVKLVVWXG\DV¶EDVLFDOO\HPSLULFDOUDWKHUWKDQWKHRUHWLFDORUVSHFXODWLYH·S[L
DQGVWDWHVWKDW¶,WLVEDVHGRQWKHGRFXPHQWDWLRQQRWRQO\RI SURGXFWVEXWRI SURFHVVHVRI 
SURGXFWLRQ·S[L+LVUHVHDUFKSURJUDPPHFRQVLVWHGRI REVHUYDWLRQVDQGDQDO\VLV
UHFRUGLQJGUDZLQJDQGFRS\LQJSHUIRUPDQFHVRQYLGHRWDSH2I WKLVHDUO\PHWKRGKHVWDWHV
¶,IRXQGLWH[SHGLHQWWRLQFOXGHDJRRGGHDORI FRS\LQJDWWKLVHDUO\VWDJHVLQFHWKDWSURYLGHV
UHODWLYHO\KRPRJHQHRXVRXWSXWIURPZKLFKFRQVLVWHQFLHVFDQEHH[WUDFWHG·9DQ6RPPHUV
S
6LPLODUO\LQWKHHDUO\VWDJHVRI KLVUHVHDUFK7FKDOHQNRIRFXVHGRQKRZVXEMHFWVFRS\OLQHV
&RS\LQJLVDJRRGZD\WROLPLWYDULDEOHVZLWKRXWKDYLQJWRFUHDWHXQQDWXUDOH[SHULPHQWDO
FRQGLWLRQV7KDQNVWRWKHUHFHQWWHFKQRORJLFDODGYDQFHVLQH\HWUDFNHUVVHH+D\KRH	%DOODUG
DQG%DOODUG+D\KRH	3HOW]ZHKDYHWKHRSSRUWXQLW\WRH[WHQGKLVPHWKRGWR
LQFOXGHDQDO\VLVRI H\HPRYHPHQWVDQGSDWWHUQVRI ORRNLQJ7KHVHWHFKQRORJLFDOGHYHORSPHQWV
DUHLQFUHDVLQJWKHVFRSHRI H\HPRYHPHQWLQYHVWLJDWLRQLQUHDOOLIHVLWXDWLRQV&RXSOHGZLWKDQ
LQFUHDVLQJLQWHUHVWIURPFRJQLWLYHVFLHQFHLQTXDOLWDWLYHÀQGLQJVDQGH[SHULHQWLDODSSURDFKHV
VHH9DUHODHWDOWKHUHLVJUHDWSRWHQWLDOIRUDGHHSHUXQGHUVWDQGLQJRI WKHGUDZLQJ
SURFHVV
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$VDOUHDG\RXWOLQHGWKHUHLVDFRQVLVWHQWHPSKDVLVRQWKHLPSRUWDQFHRI ORRNLQJIRUDFFXUDWH
REVHUYDWLRQDOGUDZLQJ+HQFHWKHREYLRXVZD\WRWU\WRXQGHUVWDQGZKDWPD\EHEHKLQGWKHVH
GUDZLQJLQVWUXFWLRQVDQGGUDZLQJK\SRWKHVHVLVWRORRNDWDUWLVWV·H\HV7KHH\HLVSDUWRI WKH
EUDLQRSHQWRREVHUYDWLRQLQQDWXUDOVHWWLQJV)XUWKHUPRUHREVHUYDWLRQDOGUDZLQJSURYLGHV
YLVLEOHRXWSXWLQWKHIRUPRI WKHSURFHVVDQGWKHÀQDOGUDZLQJZKLFKFDQEHTXDQWLWDWLYHO\
DQDO\VHG2QWKHVHJURXQGV7FKDOHQNREHJDQKLVUHVHDUFKSURMHFWWRH[SORUHH\HPRYHPHQWV
LQFORVHGHWDLOXVLQJH\HWUDFNHUWHFKQRORJ\7FKDOHQNR·VVFLHQWLÀFDSSURDFKUHSUHVHQWVDVKLIW
LQGUDZLQJUHVHDUFKWDNLQJLWRXWRI WKHSV\FKRORJLFDODQGFUHDWLYHDUHQDLQWRDEHKDYLRXUDO
H[SHULPHQWDOIUDPHZRUNZKHUHGUDZLQJLVH[SORUHGDVDSK\VLFDOWDVNDQGDWWHQWLRQSDLGWR
H\HKDQGLQWHUDFWLRQ7KLVFRQQHFWVZLWKUHVHDUFKLQRWKHUH\HWUDFNLQJVWXGLHVZKHUHPRGHOV
RI DFWLYHWDVNVSHFLÀFYLVLRQDUHEHLQJEXLOW+D\KRH/DQGDQG+D\KRH/DQG
IRUH[DPSOHIRUGULYLQJ/DQG	/HHFULFNHWEDWWLQJ/DQG	0F/HRG
DQGVDQGZLFKPDNLQJ%DOODUGHWDODQGDOVRLQ/DQG·VFDVHDQH\HWUDFNLQJVWXG\RI 
VNHWFKLQJVHH/DQG/DQG	7DWOHUSS
7KHSURJUHVVLYHVWHS7FKDOHQNRPDGHZDVWKURXJKKLVLQVLJKWDQGGHFLVLRQWRFRQVLGHUWKH
PRYHPHQWVRI GUDZLQJUDWKHUWKDQSHUFHSWLRQIRUGUDZLQJ+RZHYHUWKLVVWHSDOVROLPLWHG
KLVH[SORUDWLRQE\IUDPLQJGUDZLQJDVDSHUFHSWLRQWRDFWLRQVNLOOZKHUHLQWKHH\HGRHVWKH
ORRNLQJDQGWKHKDQGWKHH[HFXWLRQ
2.10 Summary, conclusions and how this review 
informs my thesis to follow 
7KHUHYLHZFRQFOXGHVWKDWORRNLQJDWWKLQJVZLWKWKHH\HLVMXVWSDUWRI WKHSLFWXUH7KH
&DUWHVLDQVSOLWEHWZHHQPLQGDQGERG\DQGKLVWRULFUHDVRQVIRUSULRULWLVLQJWKHLQWHOOLJHQFH
RI WKHH\HRYHUWKHKDQGKDYHOHGWRDFRJQLWLYHRFXODUFHQWULFSHUVSHFWLYHRQREVHUYDWLRQDO
GUDZLQJ0\WKHVLVJRHVRQWRH[SORUHH\HKDQGLQWHUDFWLRQDQGWRTXHVWLRQWKHORFDWLRQDQG
FKDUDFWHURI SHUFHSWLRQIRUGUDZLQJ7KHUHYLHZDOVRVHWRXWUHFHQWVFLHQWLÀFÀQGLQJVRQ
WKHPRYHPHQWVRI GUDZLQJDQGRXWOLQHGDFWLYHDQGHQDFWLYHSHUFHSWLRQWKHRU\WRHQDEOH
FRQVLGHUDWLRQRI KRZWKHVHPD\WRJHWKHUFRQWULEXWHWRREVHUYDWLRQDOGUDZLQJSUDFWLFHDQG
SHGDJRJ\0\WKHVLVTXHVWLRQVKRZFRJQLWLRQLVDQGPLJKWEHHQDFWHGLQEHKDYLRXUDQG
KRZWKHRU\FRQWULEXWHVWRSUDFWLFH,QSUDFWLFDOWHUPVWKHUHYLHZOHGWRGHFLVLRQVDERXWKRZ
WRSURFHHGDQGHVWDEOLVKHGDIRXQGDWLRQIRUGHYHORSPHQWRI P\WKHVLV:KDWHPHUJHGZDVD
FDVHIRUH[SORUDWLRQRI WHPSRUDODQGVSDWLDOHOHPHQWVRI WKHRUFKHVWUDWLRQRI H\HDQGKDQG
IURPDPRUHG\QDPLFHPERGLHGYLHZ
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7KHLPSHWXVIRUWKHVWXG\IURPKHUHRQZDVWRH[SORUHWKHWHPSRUDOUHODWLRQVKLSEHWZHHQ
YLVLRQDQGGUDZLQJDQGGUDZSDUDOOHOVEHWZHHQWKHWZRDFWLYLWLHVWRHVWDEOLVKWKHDUJXPHQW
WKDWGUDZLQJLVQRWDSHUFHSWLRQWRDFWLRQWDVNEXWUDWKHUDSHUFHSWXDOSURFHVVLQLWVHOID
ZD\WRSURFHVVDQGXQGHUVWDQGVHQVRU\LQIRUPDWLRQDQGRXUZRUOG7KHH[LVWHQFHRI ZKDW
*UHJRU\WHUPV¶DGDSWHGVLJKW·LVFHQWUDOWRWKHWKHVLVVXJJHVWLQJWKDWZHQHHGWRORRNEH\RQG
WKHH\HDQGPLQGWRWKHERG\DQGWKHKDQGIRUDQVZHUVWRWKHGHYHORSPHQWRI WKLVHVSHFLDO
YLVLRQDQGIRUDPRUHFRPSOHWHYLHZRI GUDZLQJ*UHJRU\·VGHVFULSWLRQRI YLVXDOSHUFHSWLRQ
DVLPDJLQDWLYH*UHJRU\SDQGDUHDVRQLQJSURFHVVDSWO\GHVFULEHVGUDZLQJXVLQJ
LPDJLQDWLRQWRVROYHWKHSUREOHPVWKHH\HVVHW7KLVSRVWXODWHVWKDWLI WKHH\HVGRQRWSURYLGH
HQRXJKLQIRUPDWLRQIRUGUDZLQJWKHQKRZLVPRUHLQIRUPDWLRQJDWKHUHG"'RHVWKHKDQG
KHOSWRJDWKHUPRUHSHUFHSWXDOLQIRUPDWLRQ"7KHVWXG\DVNVKRZWKHKDQGFRQWULEXWHV
WRSHUFHSWLRQZKHWKHUE\XVLQJKDSWLFVHQVHVE\PRWRUSODQQLQJDQGHQFRGLQJRFXODU
LQIRUPDWLRQLQWRH[HFXWLYHLQIRUPDWLRQIRUWKHKDQGRUE\SURSULRFHSWLYHFRRUGLQDWLRQRI WKH
H\HDQGKDQG7KDWYLVLRQLVIDVWDQGGUDZLQJLVRIWHQVORZLVDNH\FRQVLGHUDWLRQIRUWKHWKHVLV
H[SORUHGLQWKHTXDQWLWDWLYHVWUDQGDQGWKHGUDZLQJPHWKRGGHYHORSHG
.H\SRVLWLRQVWKDWWKHUHYLHZKHOSHGWRHVWDEOLVKZHUHWKDW
'UDZLQJSHGDJRJ\ODUJHO\DGKHUHVWRWKHYLHZWKDWWKHNH\WRREVHUYDWLRQDOGUDZLQJOLHVLQWKH
H\HDQGNQRZLQJKRZWRORRNDWWKLQJV
,WLVZRUWKH[DPLQLQJKRZZHPRYHZKHQZHGUDZUDWKHUWKDQWKLQNLQJRQO\DERXWKRZZH
ORRNDWWKLQJV
:KLOHVFLHQFHGRHVFRQVLGHUPRYHPHQWVRI GUDZLQJDOLPLWDWLRQLVWKDWLWFXUUHQWO\IUDPHVWKH
GUDZLQJSURFHVVDVDSHUFHSWLRQWRDFWLRQWDVN
5HVHDUFKHUVDQGGUDZLQJSUDFWLWLRQHUVZRXOGGRZHOOWRTXHVWLRQWKHGLFKRWRP\EHWZHHQ
FRJQLWLRQDQGDFWLRQDQGWRH[SORUHWKHPWRJHWKHUE\DWWHQGLQJWRQRQSURSRVLWLRQDO
SURFHGXUDONQRZOHGJHDQGWR¶ERGLO\WKLQNLQJ·
3DUWLFXODUSRLQWVZHUHFRQVLGHUHGZRUWKSXUVXLQJLQPRUHGHSWKLQWKHWKHVLVZLWKSRWHQWLDOWR
RIIHULQVLJKWLQWRSHUFHSWXDOSURFHVVHVLQYROYHGLQREVHUYDWLRQDOGUDZLQJ
5XVNLQ·VQRWLRQWKDWWKHSHQFLOVKDUSHQVSHUFHSWLRQ
*UHJRU\·VSRLQWWKDWYLVLRQLVXQGHUGHWHUPLQHGDQGKHQFHWKDWWKHH\HVVHWSUREOHPVIRU
WKHEUDLQDQGERG\
7FKDOHQNRDQG0LDOO·VYLVXRPRWRUK\SRWKHVLVDQGWKHSURSRVLWLRQWKDWGUDZLQJSURFHHGV
IURPDPRWRUSODQUDWKHUWKDQDYLVXDOPHQWDOLPDJH
1Rs·VSURSRVLWLRQWKDWSHUFHSWLRQLVORFDWHGLQERGLO\DFWLRQUDWKHUWKDQLQWKHH\HDQG
brain
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7KHUHYLHZEURXJKWWROLJKWQRWDEOHJDSVLQGUDZLQJUHVHDUFKVXFKDVWKHODFNRI ORQJLWXGLQDO
VWXGLHVRI WKHOHDUQLQJSURFHVVRUFRQVLGHUDWLRQRI WKHUROHRI WKHKDQGEH\RQGWKDWRI 
H[HFXWLQJWKHH\H·VSODQ6HFWLRQVKRZHGWKDWH[LVWLQJWHDFKLQJSDUDGLJPVIRFXVRQWKH
H\HDQG¶OHDUQLQJWRORRN·DQGODFNFRQVLGHUDWLRQRI SK\VLFDOPRYHPHQWV7KLVFRQWULEXWHG
WRP\GHFLVLRQWRIRFXVP\WKHVLVRQREVHUYDEOHEHKDYLRXUDOHOHPHQWVORRNLQJDWGUDZLQJ
DVDQHPERGLHGDFWLYLW\DQGH[SORULQJWKHH[HFXWLRQDQGPHDQLQJRI PRYHPHQW&KDSWHU
EXLOGVRQUHYLHZVHFWLRQWRRXWOLQHWKHPHWKRGRORJ\XVHGLQP\WKHVLVH[SODLQLQJLWV
GHYHORSPHQWIURPWKHZRUNRI 7FKDOHQNRZKRZDVP\PHQWRUGXULQJWKHLQLWLDWLRQRI 
WKHWKHVLVDQGKRZLWFRPELQHVHOHPHQWVIURPH[SHULPHQWDOUHVHDUFKZLWKH[SHULHQWLDODQG
UHÁHFWLYHSUDFWLFHVDQGPHWKRGV
)XUWKHUPRUH,SODQQHGWRREVHUYHFKDQJHVWKDWFRPHDERXWWKURXJKSUDFWLFHWRVHHLI WKLV
QHZPHWKRGRORJLFDODSSURDFKPD\VKHGOLJKWRQKRZZHOHDUQWRGUDZDQGRQKRZWRWHDFK
1HLWKHU.R]EHOWQRU7FKDOHQNRKDVFRQGXFWHGDQ\ORQJLWXGLQDOVWXG\RI WKHHIIHFWVRI 
WUDLQLQJRQQRYLFHV&KDSWHURXWOLQHVDPHWKRGIRUORQJLWXGLQDOVWXG\ZLWKÀQGLQJVIURPWKH
FDVHVWXGLHVGHPRQVWUDWLQJDPRYHIURPQRYLFHWRZDUGVH[SHUWEHKDYLRXUDVFKDUDFWHULVHGE\
7FKDOHQNR·VUHVHDUFK7KHFDVHVWXGLHVDVVHVVFKDQJHVLQGUDZLQJVWXGHQWV·DELOLWLHVEHIRUHDQG
DIWHUGUDZLQJWUDLQLQJDQGUHODWHWKHVHFKDQJHVWRTXDQWLWDWLYHDQDO\VLVRI DFFXUDF\
5HJDUGLQJWKHSRLQWVKLJKOLJKWHGDERYH5XVNLQ·VLGHDRI VKDUSHQHGSHUFHSWLRQLVH[SORUHGLQ
&KDSWHUVDQGUHODWLQJKLVLGHDWRHQDFWLYHWKHRU\DQGH[SORULQJLWLQSUDFWLFH*UHJRU\·V
YLHZRI FRQWLQJHQWYLVLRQLVH[SORUHGDVDPRGHOIRUGUDZLQJSHUFHSWLRQLQ&KDSWHUVDQG
7FKDOHQNRDQG0LDOO·VYLVXRPRWRUÀQGLQJVDUHXVHGDVWKHEDVLVIRUK\SRWKHVHVIRUH[SORULQJ
WKHPRYHIURPQRYLFHWRH[SHUWGUDZLQJEHKDYLRXU6HH&KDSWHUDQGIRUWKHGHYHORSPHQW
RI P\GUDZLQJPHWKRG6HH&KDSWHUKHOSLQJWRZDUGVDFKDUDFWHULVDWLRQRI REVHUYDWLRQDO
GUDZLQJGHÀQHGE\H\HDQGKDQGPRYHPHQWV1Rs·VYLHZLVXVHGDVDIUDPHZRUNIRU
GHYHORSPHQWRI DQHQDFWLYHWKHRU\RI REVHUYDWLRQDOGUDZLQJGHYHORSHGLQ&KDSWHU
1LFRODwGHV·YLHZWKDWGUDZLQJQHHGVWRXVHDOOWKHVHQVHVDQGH[SHULHQFHLVGHYHORSHGLQWKH
WKHVLVIURPERWKDSUDFWLFDODQGDWKHRUHWLFDOSHUVSHFWLYH+LVLQVWUXFWLRQWRV\QFKURQLVH
H\HDQGKDQGPRYHPHQWIRUPVWKHEDVLVRI WKHGUDZLQJPHWKRGGHYHORSHGLQWKHVWXG\
VHH&KDSWHU7KHPHWKRGDGDSWV1LFRODwGHV·JHVWXUDOPHWKRGIRUTXLFNOLIHSRVHVIRUD
VORZHUZD\RI GUDZLQJIURPREVHUYDWLRQDQGLVPRUHFRQFHUQHGZLWKHQJDJHPHQWWKDQZLWK
UHSUHVHQWDWLRQ,WFRPELQHVKLVFRQWRXUGUDZLQJH[HUFLVHZLWKJODQFHVWRWKHGUDZLQJLQRUGHU
WRDQFKRUWKHGUDZLQJVSDWLDOO\RQWKHSDJHDQGSURGXFHDVSDWLDOO\DFFXUDWHSUHVHQWDWLRQ
RI DQREMHFW,QWKLVZD\WKHWKHVLVFRQQHFWV1LFRODwGHV·WHDFKLQJDSSURDFKZLWKVXEVHTXHQW
VFLHQWLÀFÀQGLQJVDERXWWKHOLPLWVRI RFXODUYLVLRQDQGWKHQHHGIRUWRXFKDQGPRYHPHQWWR
HOXFLGDWHYLVXDOSHUFHSWLRQ
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,QVXPPDU\WKHUHYLHZHVWDEOLVKHVDQDUJXPHQWIRUREVHUYDWLRQRI PRYHPHQWDQGIRUOLQNLQJ
GUDZLQJWKHRU\ZLWKFXUUHQWFRJQLWLYHVFLHQFHUHVHDUFK1RRQHLVDGHTXDWHO\UHODWLQJÀQGLQJV
DQGGLVFRXUVHIURPWKHGLYHUVHÀHOGVRI LQTXLU\DQGGRLQJWKLVZLOOHQULFKDQGEURDGHQRXU
GHVFULSWLRQDQGPRUHFUXFLDOO\RXUXQGHUVWDQGLQJRI WKHDFWRI GUDZLQJDQGFUHDWLYLW\7KHUH
LVDOVRDJDSLQNQRZOHGJHDERXWZKHWKHUZKDWDQGKRZFKDQJHVRFFXULQQRYLFHVWXGHQWV
XQGHUJRLQJGUDZLQJWUDLQLQJ7KLVUHVHDUFKVWXG\VHHNVWRDGGUHVVWKHVHWZRLVVXHVE\RIIHULQJ
DPHWKRGRI LQTXLU\DQGGDWDIURPFDVHVWXGLHVWREHJLQWRH[SORUHWKHWUDQVLWLRQIURPQRYLFH
WRH[SHUWDQGWRDSSO\QHZVFLHQWLÀFÀQGLQJVWRSHGDJRJ\DQGSUDFWLFH7KHWKHVLVXVHV
*UHJRU\·VPRGHORI YLVXDOSHUFHSWLRQDVDPRGHOIRUREVHUYDWLRQDOGUDZLQJÁHVKHGRXWZLWK
QHZNQRZOHGJHDERXWPRWRUPRYHPHQWVRI GUDZLQJWRSURGXFHDSUDFWLFDOV\VWHPEDFNHGE\
VFLHQWLÀFWKHRU\
126 127
Chapter 3 Methodology 
3.1 Introduction
0\SURMHFWZDVWRFKDUDFWHULVHWKHDFWLRQRI REVHUYDWLRQDOGUDZLQJWHPSRUDOO\DQGVSDWLDOO\
DQGWRWUDQVODWHQHZVFLHQWLÀFNQRZOHGJHRI WKHVHPRYHPHQWVLQWRGUDZLQJLQVWUXFWLRQV
0\WKHRUHWLFDOSUHPLVHLVWKDWGUDZLQJUHTXLUHVDQH[WUDRUGLQDU\ZD\RI SHUFHLYLQJ²DQ
DVVXPSWLRQPDGHE\PDQ\EXWRQOLWWOHHPSLULFDOHYLGHQFH7KHPHWKRGRORJLFDOSUHPLVHLV
WKDWREVHUYDWLRQRI WKHPRYHPHQWVLQYROYHGLQWKLVIRUPRI SHUFHSWLRQZLOOVKHGOLJKWRQWKH
SURFHVVDQGRIIHUQHZXQGHUVWDQGLQJRI REVHUYDWLRQDOGUDZLQJ,QWKLVZD\WKHVWXG\DWWHQGHG
WRQRQSURSRVLWLRQDOSURFHGXUDONQRZOHGJHDQGWR¶ERGLO\WKLQNLQJ·
7RZDUGVWKLVFKDUDFWHULVDWLRQWKHVWXG\VFUXWLQLVHGWKHFRQQHFWLRQEHWZHHQVFLHQWLÀF
WKHRULHVRI REVHUYDWLRQDOGUDZLQJDQGSUDFWLFHDLPLQJWRGHHSHQWKHOLQNEHWZHHQVFLHQFH
DQGSHGDJRJ\WRGHYHORSVFLHQWLÀFDOO\LQIRUPHGGUDZLQJLQVWUXFWLRQVDQGWRFRQWULEXWHWR
GUDZLQJWKHRU\7KHPHWKRGXVHVSHUFHSWXDODQGFRQFHSWXDOGUDZLQJSUDFWLFHVTXDQWLWDWLYH
DQDO\VLVRI H\HDQGKDQGPRYHPHQWVDQGWKHRUHWLFDOVWXG\WRH[DPLQHWKHKXUGOHVWR
DFFXUDF\DQGFRQGLWLRQVRI GUDZLQJWRGHYHORSDFRPSUHKHQVLYHHQDFWLYHPRGHORI KRZ
DQGZK\ZHPRYHZKHQZHGUDZ'LVFXVVLRQDQGFROODERUDWLRQZLWKVFLHQWLVWVWKHRULVWVDQG
GUDZLQJSUDFWLWLRQHUVIURPDUDQJHRI ÀHOGVFRQWULEXWHGWRWKHGHYHORSPHQWRI PHWKRGVDQG
K\SRWKHVHVH[SORUHG
&HQWUDOWRWKHPHWKRGLVWKHXVHRI GUDZLQJDVDUHVHDUFKWRRO7KHIRFXVRI UHVHDUFK
LVRQWKHUROHRI SK\VLFDOPRYHPHQWLQYLVXDOSHUFHSWLRQDQGGUDZLQJ7KHGUDZLQJ
PHWKRGRORJ\FRQVLVWVRI REVHUYDWLRQRI WKHGUDZLQJSURFHVVDQGWKHXVHRI GUDZLQJ
DVDUHVHDUFKPHWKRGRORJ\WRWKLQNDQGWRUHODWHLGHDVDQGWKHRULHVDFURVVÀHOGV+HQFH
P\GUDZLQJSUDFWLFHDVDIRUPRI LQYHVWLJDWLRQDGRSWVWZRGLVWLQFWDSSURDFKHVZKLFK,
UHIHUWRDVSHUFHSWXDODQGFRQFHSWXDO7KHSHUFHSWXDODSSURDFKLVDUHÁHFWLYHHQJDJHPHQW
LQREVHUYDWLRQDOGUDZLQJSUDFWLFHZKLOHFRQFHSWXDOGUDZLQJVDUHXVHGDVDZD\WRH[SORUH
XQGHUVWDQGDQGRUJDQLVHLGHDVDQGLQIRUPDWLRQ
7KHLQLWLDOK\SRWKHVLVVWHPPLQJIURPDUWHGXFDWLRQLVWKDWDGHÀQDEOH¶XQXVXDO·ZD\RI 
ORRNLQJDWWKLQJVDOORZVDFFXUDWHGUDZLQJ7KHDLPLVWRVKRZKRZ¶ORRNLQJIRUOLQHGUDZLQJ·
LVGLVWLQFWIURPWKHZD\ZHORRNDWWKLQJVPRVWRI WKHWLPHIRUHYHU\GD\OLYLQJZKHQZH
XVHYLVLRQWRUDSLGO\LGHQWLI\REMHFWVPRYHPHQWDQGVSDWLDOORFDWLRQ7KLVFKDSWHUH[SODLQV
WKHPHWKRGVXVHGWRVHDUFKIRUREVHUYDEOHHYLGHQFHRI DQDGDSWHGWDVNVSHFLÀFPRGHRI 
)LJ7KLQNLQJGUDZLQJ:KDWLV
GUDZLQJOLNH"'RHVGUDZLQJKHOS\RXWR
QRWLFHGHWDLO"
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SHUFHSWLRQIRUGUDZLQJ
7KHÀUVWVWHSZDVWRVHDUFKIRUVFLHQWLÀFVXSSRUWIRUWKLVLQOLWHUDWXUHDQGLQP\RZQ
H[SHULPHQWV:RXOGLWIROORZWKDWHYLGHQFHRI DQXQXVXDOZD\RI ORRNLQJZRXOGFRUUHODWHZLWK
WKHSURGXFWLRQRI DFFXUDWHGUDZLQJ",SURSRVHGDSURYLVLRQDOVHWRI UHTXLUHPHQWVRI YLVLRQ
IRUDFFXUDWHREVHUYDWLRQDOGUDZLQJFUHDWLQJDSURWRW\SLFDOPRGHORI ¶ORRNLQJIRUGUDZLQJ·
7KLVLQFOXGHGH[SORUDWLRQRI WKHUHODWLRQVKLSVDQGSDWWHUQVRI À[DWLRQVHTXHQFHVDQGKDQG
PRYHPHQWVXVLQJH\HWUDFNLQJDQGYLGHRUHFRUGLQJ
&DQSHRSOHOHDUQWRORRNDWWKLQJVLQDGLIIHUHQWZD\DQGLI VRKRZ"7KHPHWKRGRORJLFDO
TXHVWLRQRI KRZWRREVHUYHFKDQJHZDVFHQWUDOWRWKHVWXG\0\SHUVSHFWLYHFRPHVIURPWKH
GUDZLQJVWXGLRVWHPPLQJIURPP\FRQVFLRXVH[SHULHQFHRI DWUDQVIRUPDWLRQRI SHUFHSWLRQ
UHVXOWLQJIURPGUDZLQJSUDFWLFH$OVR,KDGWDONHGWRPDQ\DUWLVWVDERXWKRZGUDZLQJFKDQJHV
WKHZD\WKH\VHHWKLQJV,DLPHGWRGHYHORSDQLQWHUGLVFLSOLQDU\PHWKRGIRUREVHUYDWLRQDO
PLFURDQDO\VLVRI WKHGUDZLQJSURFHVVDQGSDUWLFXODUO\RI WKHSURFHVVRI OHDUQLQJWRGUDZ,
VWXGLHGWKLVE\H[SORULQJWKHWUDQVLWLRQIURPQRYLFHWRH[SHUWWKHGHYHORSPHQWRI D¶GUDZLQJ
H\H·&KDUDFWHULVLQJWKHGUDZLQJH\HHQWDLOHGTXHVWLRQLQJWKHUHODWLRQVKLSVEHWZHHQSHUFHSWLRQ
DQGDFWLRQDQGEHWZHHQWKHH\HDQGKDQG:KHUHDUHDUWLVWVORRNLQJZKLOHWKH\GUDZ"$UH
WKHUHGLVFHUQLEOHSDWWHUQVLQWKHLUH\HPRYHPHQWV"+RZGRHVWKHH\HLQIRUPWKHKDQGDQG
YLFHYHUVD":KDWGRWKHVHH\HSDWKVVXJJHVWDERXWFRJQLWLYHDFWLYLW\GXULQJGUDZLQJ"7KLV
OHGRQWRWKHTXHVWLRQRI KRZVFLHQWLÀFÀQGLQJVFRXOGEHDSSOLHGWRSHGDJRJ\DVZHOODVD
TXHVWLRQLQJRI FXUUHQWPRGHOVIURPWKHVFLHQFHRI GUDZLQJ
$SUHPLVHRI WKHUHVHDUFKZDVWKDWUHFHQWGHYHORSPHQWVLQWHFKQRORJ\DOORZXVWRHPSLULFDOO\
WHVWORQJDQGZLGHO\KHOGODUJHO\XQVXEVWDQWLDWHGWKHRULHVDERXWKRZDUWLVWVORRNDWWKLQJV
ZLWKLQWHQWWRGUDZWKHP$VRXWOLQHGLQWKHOLWHUDWXUHUHYLHZDSSURDFKLQJGUDZLQJIURPOLIH
DVDSUREOHPWRVROYHLHDFKLHYLQJDFFXUDF\PD\KHOSXVWRPRYHFORVHUWRDPRGHOWKDW
DFFRXQWVIRUVFLHQWLÀFFRJQLWLYHWKHRU\DQGWKHH[SHULHQFHRI GUDZLQJ,ZDQWHGWRRIIHU
DSUDFWLFDODQVZHUE\H[SODLQLQJKRZZHXVHRXUH\HVDQGKDQGVDQGKRZWKH\LQWHUDFW
GXULQJGUDZLQJ'HVSLWHLWVFRPSOH[LW\GUDZLQJHQWDLOVDGLVFUHWHREVHUYDEOHEHKDYLRXUZLWK
YLVLEOHRXWSXW2EVHUYDWLRQDOGUDZLQJSURYLGHVDFRUUHVSRQGHQFHEHWZHHQWKHDFWLRQWKH
REMHFWEHLQJGUDZQDQGWKHGUDZLQJRQSDSHU%RWKWKHÀQDOGUDZLQJDQGWKHDFWLRQFDQEH
TXDQWLWDWLYHO\DQDO\VHG
7KHVWXG\ZDVIUDPHGDVDFULWLFDOGLDORJXHEHWZHHQDUWVWXGLRDQGVFLHQFHODEDVWKLVHQDEOHG
PHWRJURXQGWKHRU\DQGSUDFWLFHDQGWLHGLQZLWKDYLWDOFRQFHUQLQSUDFWLFHEDVHG3K'
UHVHDUFKDERXWWKHUROHRI YLVXDOWKLQNLQJ7KHRSHUDWLQJSULQFLSOHZDVWRPRYHEDFNDQG
)LJ'UDZLQJDVDG\QDPLFDOV\VWHPLQFRUSRUDWLQJWKHGUDZHUWKH
GUDZLQJDQGWKHZRUOG
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IRUZDUGEHWZHHQVFLHQFHDQGGUDZLQJDQGEHWZHHQWKHRU\DQGSUDFWLFHWRVHHZKDWLQVLJKWV
DQGFRQQHFWLRQVHPHUJHGIURPWKHFRQWUDVWLQJPHWKRGV,EHJDQZLWKWKHSODQWRWHVW
SHGDJRJLFLGHDVVFLHQWLÀFDOO\EXWE\WKHHQGRI WKHVWXG\,UHDOLVHGWKDWNQRZOHGJHHPHUJHG
ZKHUHSUDFWLFHDQGVFLHQFHFRQYHUJHGE\FRQQHFWLQJWKHRU\DQGSUDFWLFHDFURVVÀHOGV,Q
WKHVDPHZD\DVWKHGLDORJXHDQGV\QFKURQL]DWLRQRI H\HDQGKDQGZDVLGHQWLÀHGDVNH\WR
GUDZLQJWKHFRQYHUVDWLRQEHWZHHQGUDZLQJDQGVFLHQFHZDVDWWKHFHQWUHRI WKHPHWKRGRORJ\
LQFOXGLQJGLDORJXHVDQGFROODERUDWLRQVZLWKLQGLYLGXDOVFLHQWLVWVDQGGUDZLQJSUDFWLWLRQHUV
WHDFKHUVDQGVWXGHQWV7KHTXHVWLRQVDERXWWKHLQWHUUHODWLRQVKLSEHWZHHQSHUFHSWLRQDQG
DFWLRQLQWKHVSHFLÀFFDVHRI H\HDQGKDQGPRYHPHQWVLQREVHUYDWLRQDOOLQHGUDZLQJUHTXLUHG
DQDSSURDFKLQIRUPHGE\ERWKVFLHQFHDQGH[SHULHQFH5HDOOLIHH[SHULHQFHXUJHVXVWRVWHS
RXWRI UHVWULFWLYHH[SHULPHQWDOIUDPHZRUNVDQGWRH[SORUHPRUHWKDQFDQEH¶FRQWUROOHG·
IRU7KHVFLHQWLÀFVWUDQGRI P\PHWKRGRORJ\XVHGYLGHRDQDO\VLVPHWKRGVZKLOHWKHGUDZLQJ
SUDFWLFHHQWDLOHGFRQVLGHUDWLRQRI KRZWKHH\HDQGKDQGPD\EHFRQWULEXWLQJWRSHUFHSWLRQ
DQGFRJQLWLRQ
7ZRVLJQLÀFDQWIDFWRUVWKDWDGYDQFHGWKHUHVHDUFKZHUHWKHGHYHORSPHQWDQGXVHRI 
GUDZLQJDVDPHWKRGRORJ\DQGWKHIRUPDWLRQRI WKHLQWHUGLVFLSOLQDU\UHVHDUFKJURXSFDOOHG
,QWHUQDWLRQDO'UDZLQJDQG&RJQLWLRQ5HVHDUFK7KHODWWHURSHQHGWKHGRRUWRGHEDWHDQG
H[SORUDWLRQRI GUDZLQJSURFHVVHVZLWKOHDGLQJUHVHDUFKHUVDQGSUDFWLWLRQHUVIURPWKHFRJQLWLYH
VFLHQFHRI GUDZLQJHGXFDWLRQPHGLFLQHDQGIDFLOLWDWHGWKHGLVFXVVLRQVQHHGHGIRUWKLV
SURMHFW0HPEHUVRI WKHUHVHDUFKQHWZRUNDWWHQGHGRXUV\PSRVLXPVHULHVThinking through 
DrawingIRVWHULQJFURVVGLVFLSOLQDU\GHEDWHDQGFROODERUDWLRQ,QWKHÀUVW\HDURI IRUPDWLRQ
RI WKHJURXSRXUFRQIHUHQFHSURFHHGLQJVZHUHSXEOLVKHGE\7HDFKHUV&ROOHJH&ROXPELD
8QLYHUVLW\XQGHUWKHWLWOHThinking through drawing: practice into knowledge.DQWURZLW]%UHZDQG
)DYD
Aims
7KURXJKWKHGHYHORSPHQWRI LQWHUGLVFLSOLQDU\PHWKRG,DLPHGWR
&RQQHFWVFLHQWLÀFWKHRULHVRI REVHUYDWLRQDOGUDZLQJZLWKSUDFWLFHDQGSHGDJRJ\
&RQWULEXWHTXDQWLWDWLYHGDWDWRGHHSHQRXUXQGHUVWDQGLQJRI WKHRUFKHVWUDWLRQRI 
PRYHPHQWVLQYROYHGLQ¶ORRNLQJIRUGUDZLQJ·
([SORUHKRZZHOHDUQWRGUDZDQGWKHPRYHIURPQRYLFHWRH[SHUWDQGZKDWWKLVPD\
UHYHDODERXWWKHSHUFHSWXDOSURFHVVHVRI GUDZLQJ
7RGHYHORSQHZREVHUYDWLRQDOGUDZLQJSUDFWLFHVLQIRUPHGE\UHFHQWÀQGLQJVLQFRJQLWLYH
VFLHQFHDQGIURPWKLVGHYHORSQHZWHDFKLQJLQVWUXFWLRQV
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3.2 Method of  enquiry
How to observe drawing
&UXFLDOO\WKHUHVHDUFKZDVFDUULHGRXWIURPP\SHUVSHFWLYHDVDGUDZHUP\RZQSUDFWLFH
JDYHPHVRPHXQGHUVWDQGLQJRI WKHSURFHVVHVLQYROYHGDQGLQIRUPHGWKHTXHVWLRQV,ZDV
DVNLQJDQGWKHDYHQXHV,H[SORUHGWKLVSURYLGHGDIHHGEDFNORRSZLWKLQWKHUHVHDUFKZKHUHE\
P\H[SHULHQFHDQGSUDFWLFHTXHVWLRQHGODEÀQGLQJVDQGODEÀQGLQJVDQGWHVWVTXHVWLRQHG
H[SHULHQFHDQGUHÁHFWLRQIURPWKHDUWVWXGLRDQGGUDZLQJFODVVHV
9DQ6RPPHUVDUJXPHQWWKDW¶«QRUPDOSHUFHSWXDOFRPPHUFHZLWKREMHFWV·LVQRW¶DGHTXDWH·
WRWKHWDVNSDQG7FKDOHQNR·VH[SORUDWLRQRI KDQGH\HEHKDYLRXULQREVHUYDWLRQDO
GUDZLQJSURYLGHGGLUHFWLRQDQGVWUXFWXUHIRUSUDFWLFDOLQYHVWLJDWLRQVHDUFKLQJIRUWKH
FRQGLWLRQVRI GUDZLQJERWKLQWHUPVRI PRYHPHQWVDQGSHUFHSWLRQ
7KHLQYHVWLJDWLRQDOVRFRUUHODWHGSURGXFWVZLWKSURFHVVOLQNLQJREVHUYDWLRQVRI H\HDQG
KDQGLQWHUDFWLRQVZLWKTXDQWLWDWLYHDQDO\VLVRI DFFXUDF\RI FRS\LQJ$FUXFLDOGHYHORSPHQWLQ
GUDZLQJUHVHDUFKPHWKRGRORJ\EHJDQLQWKHVZLWK9DQ6RPPHUV·VXVWDLQHGREVHUYDWLRQDO
VWXG\RI SURFHVVHVRI JUDSKLFSURGXFWLRQ9DQ6RPPHUVREVHUYHGDQGGRFXPHQWHGWKH
GUDZLQJSURFHVVORRNLQJDWWKHRUGHURI H[HFXWLRQDQGVWUDWHJLHVRI GUDZLQJEXWGLGQRW
LQWHUURJDWHWKHPLFUROHYHORI KDQGDQGH\HPRYHPHQWV,QWKHVDQGV7FKDOHQNR
6ROVRDQG&RKHQFRQWLQXHGLQWKLVSDUDGLJPHPSLULFDOO\LQYHVWLJDWLQJH\HDQGKDQGEHKDYLRXU
DQGLQWHUDFWLRQGXULQJGUDZLQJ6RRQDIWHU0LDOOEHJDQDV\VWHPDWLFVWXG\RI JHQHUDOGUDZLQJ
DQGFRS\LQJEHKDYLRXUZRUNLQJLQFROODERUDWLRQZLWK7FKDOHQNRFRPELQLQJH\HWUDFNLQJ
REVHUYDWLRQVZLWKI05,GDWD0\PHWKRGRORJ\EXLOGVIURPWKHLUZRUNFRPELQLQJHPSLULFDO
REVHUYDWLRQPHWKRGVZLWKVHYHUDOIRUPVRI UHÁHFWLYHGUDZLQJSUDFWLFHUHYLHZRI DFFRXQWV
IURPSUDFWLWLRQHUVDQGWHDFKHUVDQGÀQDOO\WKHGHYHORSPHQWRI P\RZQGUDZLQJLQVWUXFWLRQ
LQIRUPHGE\EHKDYLRXUDODQGFRJQLWLYHVFLHQWLÀFÀQGLQJV(PSLULFDOÀQGLQJVZHUHDQDO\VHG
ZLWKFRQYHQWLRQDOVFLHQWLÀFPHWKRGVHVWDEOLVKHGZLWKLQH\HWUDFNLQJUHVHDUFKVHH7FKDOHQNR
DDQGVFUXWLQLVHGXVLQJGUDZLQJSUDFWLFHDQGWHDFKLQJ7KHTXDQWLWDWLYHVWXG\ORRNHG
IRUFKDQJHVZLWKLQSDUWLFLSDQWVEHIRUHDQGDIWHUWUDLQLQJLQWKHLUDSSURDFKHVWRWKHWDVNRI 
GUDZLQJDVWKLVLVZKHUHWKHODUJHVWJDSH[LVWVLQUHVHDUFKDQGLQDFFRXQWVRI WKHGUDZLQJ
SURFHVV
$JHQHUDWLYHPHWKRGRORJ\HYROYHGGXULQJWKHVWXG\DORQJZLWKDGHHSHQLQJXQGHUVWDQGLQJRI 
VFLHQWLÀFPHWKRGVDQGWKHSRWHQWLDOUROHRI GUDZLQJDVDZD\RI LQYHVWLJDWLQJDQGNQRZLQJ
:LWKDK\EULGWKHRUHWLFDOIUDPHZRUNEXLOWIURPÀQGLQJVDQGSHUVSHFWLYHVRI 7FKDOHQNR
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*UHJRU\1Rs&KHPHURDQG,QJROG,XVHGGUDZLQJDQGFRQYHUVDWLRQDVPHWKRGRORJLHVWR
H[DPLQHWKHGUDZHU·VH\HVKDQGVERG\DQGREMHFWVLQWKHZRUOGDVDG\QDPLFV\VWHPVHH
&KHPHUR
Observing the eye, and observing looking
2QHZD\WRWU\WRXQGHUVWDQGZKDWPD\XQGHUSLQWKHDFWRI DFFXUDWHGUDZLQJLVWRORRNDW
DUWLVWV·H\HPRYHPHQWVDVDPDQLIHVWDWLRQRI EUDLQIXQFWLRQWKDWLVREVHUYDEOHLQQDWXUDO
VHWWLQJV7KHH\HPRYHVLQGLVWLQFWLYHZD\VFDSWXULQJLQIRUPDWLRQDQGSOD\LQJDFUXFLDOUROH
LQDFWLRQ7KHORFLRI H\HÀ[DWLRQVJLYHXVGDWDDERXWWKHORFLRI YLVXDODWWHQWLRQHVSHFLDOO\
ZKHQVXSSRUWHGDVLQWKLVFDVHE\SK\VLFDOSURGXFWLRQRI VHJPHQWVRI OLQHVLQDGUDZLQJ
,I GUDZLQJGHPDQGVDGLIIHUHQWIURPXVXDODQGPRUHFRPSUHKHQVLYHYLVXDODQDO\VLVRI WKH
REMHFWZHZRXOGH[SHFWWRÀQGWKLVUHÁHFWHGLQWKHH\HSDWKDQGDSSURDFKRI GUDZHUVVHH
/DQG)LQGOD\DQG*LOFKULVW+D\KRH	%DOODUG0\VWDUWLQJSRLQWZDVWR
ORRNDWH\HDQGKDQGEHKDYLRXU,FDUULHGWKLVRXWE\ZRUNLQJIRUWZR\HDUVLQWKH'UDZLQJDQG
&RJQLWLRQ3URMHFWZLWK7FKDOHQNRKHOSLQJZLWKH\HWUDFNLQJH[SHULPHQWVDQGDQDO\VLVRI GDWD
'XULQJWKLVWLPH,GHYHORSHGDPHWKRGRORJ\IRUP\RZQREVHUYDWLRQDOVWXG\RI (GZDUGV·
VWXGHQWV
,EHJDQE\FROOHFWLQJGDWDUHODWLQJWRORRNLQJDVGLVWLQFWIURPSHUFHSWLRQDVORRNLQJLVDQ
REVHUYDEOHDFWLRQ:KHQ,XVHWKHZRUG¶ORRNLQJ·,UHIHUWRWKHDFWRI GLUHFWLQJWKHH\HV
ZKLFKZHFDQUHFRUGE\REVHUYLQJH\HPRYHPHQWV,QFRQWUDVWLWLVLPSRVVLEOHWRGLUHFWO\
REVHUYHSHUFHSWLRQLQRWKHUVZHKDYHDFFHVVRQO\LQGLUHFWO\YLDDFFRXQWVRI SHUFHSWLRQ:H
FDQDWWHPSWWRLQWHUSUHWH\HPRYHPHQWVDQGEUDLQVFDQLPDJHVLQWHUPVRI SHUFHSWLRQEXW
WKLVUHOLHVRQDFFRXQWVRI SDUWLFLSDQWV·SHUFHSWXDOH[SHULHQFH7KHVWXG\RI REVHUYDWLRQDO
GUDZLQJGRHVJLYHXVDQDGGLWLRQDOSDUWLFXODULQVLJKWLQWRSHUFHSWLRQE\RIIHULQJXVYLVXDO
UHSUHVHQWDWLRQVUHODWLQJWRWKHGUDZHUV·SHUFHSWLRQV+RZHYHUWKLVUDLVHVWKHTXHVWLRQRI 
ZKHWKHUWKHUHLVDVWDEOHLQWHUQDOUHSUHVHQWDWLRQWKDWLVGUDZQIURPRUZKHWKHUSHUFHSWLRQLV
DG\QDPLFSURFHVVVHH&KHPHUR,EHOLHYHWKDWGUDZLQJVDUHPRVWXVHIXOO\LQWHUSUHWHGLQ
WDQGHPZLWKWKHGUDZHUV·DFFRXQWRI WKHLUH[SHULHQFHRI ORRNLQJDQGRI PDNLQJWKHGUDZLQJ
)ULWKZULWHVWKDWDIWHUDSHULRGRI EHKDYLRXULVWGRPLQDQFH
1RZZHSV\FKRORJLVWVDUHEDFNVWXG\LQJVXEMHFWLYHH[SHULHQFHVSHUFHSWLRQV
UHFROOHFWLRQVLQWHQWLRQV%XWWKHSUREOHPUHPDLQV7KHPHQWDOWKLQJVWKDW
ZHVWXG\KDYHDFRPSOHWHO\GLIIHUHQWVWDWXVIURPWKHPDWHULDOWKLQJVWKDW
RWKHUVFLHQWLVWVVWXG\7KHRQO\ZD\WKDW,FDQNQRZDERXWWKHWKLQJVLQ\RXU
PLQGLVEHFDXVH\RXWHOOPHDERXWWKHP)ULWKS
7KLVFODULÀFDWLRQSURYLGHVDUDWLRQDOHIRUP\UHVHDUFKDSSURDFKWKDWUHODWHVTXDQWLWDWLYH
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ÀQGLQJVDERXWH\HDQGKDQGPRYHPHQWVWRDFFRXQWVRI SHUFHSWLRQWKHIRUPHUEHLQJ
REVHUYDEOHZKLOHSHUFHSWLRQFDQEHVWXGLHGRQO\LQGLUHFWO\)RUWKLVUHDVRQWKHUHVHDUFK
WRSLFGHPDQGVD¶UHDOZRUOG·DSSURDFKDWWHQGLQJWRDFFRXQWVRI FRQVFLRXVH[SHULHQFH
DQGEHKDYLRXULQQDWXUDOVHWWLQJVDQGUHODWLQJWKHPWRODEVFLHQFHIRUH[DPSOHI05,EUDLQ
VFDQQLQJRUH\HWUDFNLQJ0RUHRYHUWKLVUDLVHVWKHLQWULJXLQJTXHVWLRQRI ZKHWKHUGUDZLQJV
FDQFRPPXQLFDWH¶WKHWKLQJVLQ\RXUPLQG·WKDW)ULWKUHIHUVWRDQGKRZZHFDQLQWHUSUHW
GUDZLQJVLQWHUPVRI SHUFHSWLRQ
Interdisciplinary study and conversations
7KHDLPRI LQWHUGLVFLSOLQDU\UHVHDUFKLVWRFRQWULEXWHE\OLQNLQJWKHRU\DQGXQGHUVWDQGLQJ
IURPGRPDLQVRI UHVHDUFK²LQWKHVDPHZD\WKDWWKHGUDZHUWULHVWRDWWHQGWRDQGUHODWH
WKHSDUWVDQGWKHZKROHLQRUGHUWRDUWLFXODWHDQHZLGHDDQLQQRYDWLYHDSSURDFKDQG
QHZNQRZOHGJH0\UHVHDUFKRSHUDWHGLQJDSVEHWZHHQÀHOGV,ZDVWU\LQJWRJUDVSDQG
FRQQHFWKXJHDUHDVRI VFLHQWLÀFSKLORVRSKLFDODQGSHGDJRJLFWKHRU\7RWKLVHQGWKHK\EULG
PHWKRGRORJ\ZDVGHYHORSHGFRPELQLQJVFLHQWLÀFDQGGUDZLQJSUDFWLFHVZLWKWKHDLPRI 
PDNLQJFRQQHFWLRQVEHWZHHQKLWKHUWRXQUHODWHGLGHDVDQGÀQGLQJV7RXVH0HUOHDX3RQW\·V
PHWDSKRULQWHUGLVFLSOLQDU\VWXG\DWWHQGVWRDQHWRI UHODWLRQVKLSV
«WKHSDLQWHUWKURZVDZD\WKHÀVKDQGNHHSVWKHQHW+LVORRNDSSURSULDWHV
FRUUHVSRQGHQFHVTXHVWLRQVDQGDQVZHUVZKLFKLQWKHZRUOGDUHUHYHDOHG
RQO\LQDXGLEO\DQGDOZD\VVPRWKHUHGLQWKHVWXSRURI REMHFWV+HVWULSV
WKHPIUHHVWKHPDQGORRNVIRUDPRUHDJLOHERG\IRUWKHP0HUOHDX3RQW\
S
6FLHQWLÀFUHVHDUFKKDVGHYHORSHGVRPHXVHIXOSURYLVLRQDOPRGHOVRI WKHSK\VLFVDQGFRJQLWLRQ
RI REVHUYDWLRQDOGUDZLQJEXWWKHVHQHHGIXUWKHUHODERUDWLRQDQGWHVWLQJLQFOXGLQJORQJLWXGLQDO
VWXG\RI GUDZLQJVWXGHQWVFRQVLGHUDWLRQRI IHHGEDFNDQGDVVHVVPHQWSURFHVVHVPRUH
H[SORUDWLRQRI PHQWDOLPDJHU\LQWHUQDOUHSUHVHQWDWLRQVPRWRUSODQVDQGWKHUHODWLRQVKLS
EHWZHHQSHUFHSWLRQDQGDFWLRQ7KLVZLOOVLJQLÀFDQWO\FRQWULEXWHWRUHVHDUFKRQEUDLQ
SODVWLFLW\DQGOHDUQLQJDQGWKURXJKRXULQWHUGLVFLSOLQDU\FROODERUDWLRQVDQGFRPPXQLFDWLRQ
WRWKHSUDFWLFDOHGXFDWLRQDODSSOLFDWLRQRI QHZNQRZOHGJHDERXWGUDZLQJDQGFRJQLWLRQVHH
.DQWURZLW]%UHZDQG)DYD,QWKHÀUVWSDUWRI WKHUHVHDUFKP\HPSLULFDOTXDQWLWDWLYH
VWXG\RI H\HDQGKDQGPRYHPHQWVFRQWULEXWHGWRWKHVFLHQWLÀFPRGHOWKDWLQIRUPHGWKH
SUDFWLFDOH[SORUDWLRQ
7RIXUWKHUP\LQWHUGLVFLSOLQDU\HQJDJHPHQWLQ,FRIRXQGHGWKH,QWHUQDWLRQDO'UDZLQJ
DQG&RJQLWLRQ5HVHDUFK*URXSZLWKIHOORZGRFWRUDOVWXGHQWV0LFKHOOH)DYDDQG$QGUHD
.DQWURZLW]WREULQJWRJHWKHUH[SHUWVDQGUHVHDUFKHUVIURPDZLGHUDQJHRI GLVFLSOLQHVWR
)LJ&RYHURI 7W'V\PSRVLXPSURFHHGLQJVERRN
)LJ7LWOHSDJHRI 7W'V\PSRVLXPSURFHHGLQJVERRN
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H[SORUHGUDZLQJDQGWRIDFLOLWDWHLQWHUGLVFLSOLQDU\GLDORJXH:HFRQYHQHGDV\PSRVLXPDW
&ROXPELD8QLYHUVLW\EULQJLQJWRJHWKHUUHVHDUFKHUVDQGSUDFWLWLRQHUVIURPDFURVVÀHOGV$VD
UHVXOW,ZDVDEOHWRFRQYHUVHZLWKDUDQJHRI H[SHUWVIURPFRJQLWLYHVFLHQFHPHGLFLQHVRFLDO
VFLHQFHDUFKLWHFWXUHGHVLJQHGXFDWLRQÀQHDUWDQGDUWKLVWRU\7KHJURXSQRZKDVRYHU
PHPEHUVZRUOGZLGHDQGPHHWVDWRXUDQQXDOThinking through DrawingV\PSRVLD7RGDWHZH
KDYHUXQWKUHHV\PSRVLXPVZLWKWKHIRFXVRQWUDQVODWLRQDOUHVHDUFKH[SORULQJKRZWKHRU\FDQ
EHDSSOLHGLQPHGLFLQHHGXFDWLRQDQGDUDQJHRI SURIHVVLRQV7KLVKDVIRVWHUHGPDQ\UHOHYDQW
FRQYHUVDWLRQVDQGRIIHUHGYDULRXVPHWKRGRORJLFDODSSURDFKHV+HQFHPXFKRI P\PDWHULDO
FRPHVIURPFRQYHUVDWLRQVZLWKWKHVHH[SHUWVLQFOXGLQJIURPRXUFRQIHUHQFHSURFHHGLQJVDQG
YLGHRUHFRUGLQJVRI SUHVHQWDWLRQVDQGGHEDWHV&RJQLWLYHVFLHQWLVWV%DUEDUD7YHUVN\DQG'DYLG
.LUVKKDYHEHHQSDUWLFXODUO\VLJQLÀFDQWLQWKHGHYHORSPHQWRI P\PHWKRGRORJ\7KH\VWXG\
WKHUROHRI JHVWXUHDQGGUDZLQJLQWKLQNLQJSURFHVVHVDQGSHUFHSWLRQ7KHLUÀQGLQJVDUHFLWHG
ERWKWRVXSSRUWWKHXVHRI GUDZLQJDVDUHVHDUFKPHWKRGRORJ\DQGWRJLYHLQVLJKWVLQWRWKH
UHVHDUFKVXEMHFWWKHPRWRUDQGSHUFHSWXDOSURFHVVHVRI GUDZLQJ
6FK|Q·VDFWLRQUHVHDUFKPRGHO6FK|QLQYROYHGDEURDGRSHUDWLRQDOIUDPHZRUNIRUWKH
UHÁHFWLYHDQGORRSLQJSURFHVVEHWZHHQVWXGLRODEDQGWHDFKLQJSUDFWLFH+LVIRFXVZDVRQ
FROODERUDWLYHUHVHDUFKDQGOHDUQLQJSURFHVVHVDQGKLVLQWHUHVWLQSUDFWLFDOFKDQJHÀWVZHOOZLWK
P\VWXG\DLPVERWKLQWHUPVRI P\UHVHDUFKVXEMHFWDQGPHWKRGV+LVQRWLRQRI ¶WKLQNLQJRQ
\RXUIHHW·WLHVLQFORVHO\ZLWKP\GUDZLQJPHWKRGRORJ\XVLQJWKHKDQGWRWKLQNE\GUDZLQJ
Using embodied and enactive theories of  cognition
$VZHOODVRIIHULQJDIUDPHZRUNIRUXQGHUVWDQGLQJSHUFHSWLRQLQDFWLRQUHFHQWHPERGLHG
DQGHQDFWLYHUHVHDUFKRIIHUVPHWKRGRORJLFDOUHFRPPHQGDWLRQVIRUWKHVWXG\RI GUDZLQJ
ZLWKUHVHDUFKHUVVKDULQJDQLQWHUHVWLQWKHLPSDFWRI WKHSK\VLFDOLW\RI WKHERG\RQFRJQLWLYH
SURFHVVHVDQGVHHNLQJWRLQWHJUDWHTXDQWLÀDEOHDVSHFWVRI EUDLQIXQFWLRQDQGDFWLYLW\ZLWK
H[SHULHQWLDOÀQGLQJVVHH/DNRII 	-RKQVRQ-RKQVRQ03HWLWRWHWDO9DUHOD
HWDO(PERGLHGFRJQLWLRQRIIHUVDWKHRUHWLFDOIUDPHZRUNZKLFKUHFRJQLVHVERGLO\
LQWHUDFWLRQVZLWKWKHZRUOGDVSOD\LQJDSDUWLQXQGHUVWDQGLQJDQGWKLQNLQJSURFHVVHV$FWLYH
YLVLRQWKHRU\DVRXWOLQHGLQFKDSWHU)LQGOD\DQG*LOFKULVWUHFRJQLVHVWKHSK\VLFDOLW\RI 
WKHH\HLWVDFWLYHIXQFWLRQLQJZLWKLQWKHKXPDQERG\DQGWKHOLPLWVDQGVFRSHRI SHUFHSWLRQ
$FWLYHYLVLRQWKHRU\DQGHPERGLHGFRJQLWLRQWKHRU\XQGHUSLQP\PHWKRGRORJ\
)LJ([FHUSWRI PDSRI PHPEHUVRI ,QWHUQDWLRQDO'UDZLQJDQG&RJQLWLRQ5HVHDUFKDQGWKHLUUHVHDUFK
interests 
)LJ%RRNFRYHU7W'V\PSRVLXPSURFHHGLQJV
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Drawing for research
'UDZLQJDVDUHVHDUFKPHWKRGIDFLOLWDWHVH[SORUDWLRQDFURVVGLVFLSOLQHVDQGRIIHUVDZD\WR
WKLQNRQSDSHUDQGZLWKWKHKDQG,XVHGGUDZLQJLQWZRZD\VLQUHÁHFWLYHREVHUYDWLRQDO
GUDZLQJSUDFWLFHGHÀQHGDVSHUFHSWXDOGUDZLQJDQGDVDFRQFHSWXDOUHVHDUFKWRROWRH[SORUH
LGHDVPDNHFRQQHFWLRQVDQGWRRUJDQLVHWKHWKHVLVVWUXFWXUHDQGQDUUDWLYH2EVHUYDWLRQDO
SHUFHSWXDOGUDZLQJSUDFWLFHVHUYHGWZRSXUSRVHVWRUHÁHFWRQWKHFRRUGLQDWLRQRI H\HDQG
KDQGPRYHPHQWVDVZHOODVRQSHUFHSWXDOH[SHULHQFH
7KLVH[SHULHQFHDQGFRQVLGHUDWLRQRI WKHSURFHVVHVRI REVHUYDWLRQDOGUDZLQJLQIRUPHG
WKHUHVHDUFKPHWKRGVLQWHUPVRI DWWHQWLRQWRSDUWVDQGWKHZKROHFKHFNLQJUHODWLRQVKLSV
DGMXVWLQJWKHSDUWVXQWLOWKH\ZRUNWRJHWKHU,ZRUNHGRQFKDSWHUVLQWDQGHPFRQQHFWLQJ
WKHRU\ZLWKSUDFWLFHDFURVVGLVFLSOLQHVDQGPDNLQJOLQNVEHWZHHQWKHRU\DQGSUDFWLFH$WKHVLV
QHHGVWRZRUNDVDZKROHDQGLQGHWDLOZLWKFRQVLGHUDWLRQRI VWUXFWXUHDQGIRUPRIDVZHOODV
FRQWHQW,QWKLVZD\WKHGLVFLSOLQHRI REVHUYDWLRQDOGUDZLQJIDFLOLWDWHGZULWLQJDQGWKHPDNLQJ
RI FRQFHSWXDOGUDZLQJVIRUWKLQNLQJDQGRUJDQLVLQJ2EVHUYDWLRQDOGUDZLQJRSHUDWHGDVD
UHKHDUVDOVSDFHIRUSUDFWLVLQJUHODWLRQDODQDO\VLV$WSRLQWVWKHVWXG\WHDVHVDSDUWWKHSURFHVV
RI GUDZLQJWRH[SRVHFRPPRQDVVXPSWLRQVDERXWYLVLRQWKDWPD\EHPLVOHDGLQJWRWU\WR
REVHUYHGHWDLOVDQGWKHQWLHWKHSURFHVVEDFNWRJHWKHUWRUHYHDOQHZSDWWHUQVRI FRQQHFWLRQ
,EHJDQZLWKWKHJHQHUDOQRWLRQWKDW,FRXOGGUDZWKHWKHVLVLQVRPHZD\7KLVGHPDQGHG
WKDW,H[DPLQHWKHVRUWRI GUDZLQJ,ZDVXVLQJ:DV,WU\LQJWRLOOXVWUDWHWKHDUJXPHQW":DV
,GUDZLQJDFRPLFVWULSRI WKHWKHVLV",IRXQGWKDWPRVWRI P\GUDZLQJVVHHPHGXQUHDGDEOH
HYHQWRP\VHOI,UHDOLVHGWKDWWKHVHGUDZLQJVZHUHP\WKLQNLQJZRUNDQGWKDWDQRWKHUW\SH
RI FRPPXQLFDWLYHGUDZLQJZDVQHHGHGIRUWKHÀQDOWKHVLV,PDGHWKHVHFORVHWRWKHHQGRI 
ZULWLQJXSDWDSRLQWZKHQWKHSLHFHVRI WKHMLJVDZKDGIDOOHQLQWRSODFHDQGZKHQ,KDGD
FOHDULGHDRI WKHVWUXFWXUHDQGFRQWHQW(YHQLQWKHÀQDOVWDJHVRI ZULWLQJXSWKHWKHVLV,
IRXQGWKDWWKHGUDZLQJVRIWHQOHGWRQHZLQVLJKWVDQGLGHDV7KHWKHVLVZDVFRQVWUXFWHGDQG
IROORZHGXVLQJFRQFHSWXDOGUDZLQJVIRUHYHU\FKDSWHUDQGIRUWKHWKUHDGVRI DUJXPHQW
7KLVDSSURDFKZDVEDVHGRQ*UHJRU\·VPRGHORI YLVLRQDVDUHVHDUFKSURFHVVWKHH\HVHDUFKHV
IRULQIRUPDWLRQFROOHFWVLWWUDQVIRUPVLWLQWHUSUHWVLWJLYHVPHDQLQJDQGSUHVHQWVLW,Q
WKLVFDVHGUDZLQJLVWKHUHVHDUFKSURFHVVDGGLQJWRWKHSRZHURI WKHH\HZLWKWKHKDQG
H[WHQGLQJZRUNLQJDQGVKRUWWHUPPHPRU\XVLQJWKHGUDZQLPDJHRQWKHSDSHU)URPWKLV
YLHZP\3K'SURMHFWLV¶UHVHDUFKDERXWUHVHDUFK·7KLVLVDXVHIXOZD\WRFRQFHLYHLWDVDOO,
OHDUQDERXWORRNLQJDQGYLVLRQDGGVWRP\XQGHUVWDQGLQJRI WKHUHVHDUFKSURFHVVIRU3K'
VWXG\+DOOLEXUWRQZURWHRI ORRNLQJ¶/RRNLQJDWVRPHWKLQJXQGHUVWDQGLQJDQGFRQFHLYLQJLW
)LJ2EVHUYDWLRQDOGUDZLQJWKLQNLQJRQWKHSDJHDERXWWKHFRQYHUVDWLRQ
EHWZHHQH\HDQGKDQG0DGHDWThinking through Drawing V\PSRVLXP
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FKRRVLQJDFFHVVWRLWDOOWKHVHZD\VRI EHKDYLQJDUHFRQVWLWXWLYHIRU«LQTXLU\·+DOOLEXUWRQ
S
7KHPHWKRGRORJ\IRUWKHVWXG\LVIRXQGHGRQWKHYLHZWKDWWKHSURFHVVRI GUDZLQJOLNHDFWLYH
YLVLRQLVDSRZHUIXOUHVHDUFKWRRO*UHJRU\SURSRVHVWKDWYLVLRQLWVHOI LVK\SRWKHVLVWHVWLQJ
DVRXWOLQHGLQ&KDSWHUDQGVHH*UHJRU\$G\QDPLFPRGHORI YLVLRQHQWDLOVFRJQLWLYH
SURFHVVHVRI SODQQLQJLQWHQWLRQVHDUFKLQJIRUDQGFROOHFWLQJLQIRUPDWLRQDWWHQWLRQPDNLQJ
K\SRWKHVHVDERXWZKDW\RXDUHVHHLQJEHVWJXHVVHVFKHFNLQJLQIRUPDWLRQLQWHUSUHWLQJDQG
LQWHJUDWLQJLQIRUPDWLRQLQWRDPHDQLQJIXOZKROH'UDZLQJKDVDQLQWLPDWHUHODWLRQVKLSZLWK
YLVLRQZKHUHE\LWUHOLHVRQLWEXWDOVRLPSRUWDQWO\TXHVWLRQVWHVWVDQGDGYLVHVLW'UDZLQJKDV
DQHVWDEOLVKHGSODFHDQGKLVWRU\LQLQYHQWLRQDQGFUHDWLRQDQGDVDWKLQNLQJWRRO
Thinking through drawing
'UDZLQJWHVWVLGHDVRQSDSHU)LVK	6FULYHQHU.LUVK7YHUVN\	6XZD
5HVHDUFKHUVDUJXHWKDWWKRXJKWSURFHVVHVKDSSHQRQWKHSDJHDQGLQWKHKDQGFKDOOHQJLQJWKH
WKHRU\WKDWWKLQNLQJKDSSHQVRQO\LQWKHEUDLQ1Rs2·5HJDQ,QFRQWHPSRUDU\
ÀQHDUWDQGGHVLJQUHVHDUFKGUDZLQJLVDUJXHGWREHNQRZOHGJHSURGXFLQJDQGDWKLQNLQJWRRO
VHH0F*XLUN0F'RQDOG6SHFLÀFDOO\LQWKLVFDVHREVHUYDWLRQDOGUDZLQJFDQWHVW
YLVXDOK\SRWKHVHVDQGFRQÀUPRUUHIXWHWKHP7KLVLVFHQWUDOWRP\WKHVLVDVLWLVUHOHYDQW
WRWKHTXHVWLRQRI ZK\DQGKRZSHUFHSWLRQLVWUDQVIRUPHGE\GUDZLQJ'UDZLQJSUDFWLFH
LQIRUPVYLVLRQ%RWKYLVXDOSHUFHSWLRQDQGGUDZLQJKDYHVSHFXODWLYHTXDOLWLHV,QWKLVZD\
GUDZLQJEHFRPHVERWKUHVHDUFKVXEMHFWDQGPHWKRGRIIHULQJDXVHIXOPRGHOERWKIRUWKH
VWXG\RI YLVLRQLWVHOIDQGDVDPHWKRG7KLVKDVDVLJQLÀFDQWEHDULQJRQERWKP\SUDFWLFHDQG
FULWLFDODQDO\VLV$QREMHFWLYHRI P\UHVHDUFKLVWRH[SORUHDQGXVHYLVXDOUHVHDUFKPHWKRGV
HVSHFLDOO\GUDZLQJ2QDIXQGDPHQWDOOHYHOWKHPRUH,OHDUQDERXWYLVLRQDQGGUDZLQJWKH
PRUH,XQGHUVWDQGDERXWWKHUHVHDUFKSURFHVVDQGYLFHYHUVD7KLVLQIRUPVDOOP\DFWLYLW\DQG
GHFLVLRQVDERXWSDWKVWRWDNHDQGTXHVWLRQVWRDVN7KHÀQDOFKDSWHURI WKHWKHVLVOLQNLQJ
UHVXOWVDQGÀQGLQJVIURPWKHYDULRXVH[SHULPHQWVDQGPHWKRGVPDNHVSDUWLFXODUXVHRI 
YLVXDOGUDZLQJWHFKQLTXHVWRDQDO\VHDQGSUHVHQWLQIRUPDWLRQIURPWKHÀHOGDQGH[SHULPHQWDO
ÀQGLQJV,QWKHÀQDOFKDSWHUDGLVFXVVLRQRI PHWKRGRORJ\H[DPLQHVKRZWKHFKDOOHQJHVSRVHG
PHLQWKLVUHVHDUFKSURMHFWZHUHPHWDQGWKHVXFFHVVRI P\HIIRUWVWRDSSO\DOWHUQDWLYHZD\V
RI WKLQNLQJDQGFRPPXQLFDWLQJ
Conceptual drawings - drawing drawing
&RQFHSWXDOGUDZLQJSUDFWLFHZDVXVHGDVDPRGHRI LQTXLU\WRVFUXWLQLVHK\SRWKHVHVDQG
)LJ2EVHUYDWLRQDOGUDZLQJPDGHDWThinking through 
DrawingV\PSRVLXP
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ÀQGLQJVIURPH\HWUDFNLQJUHVHDUFKUHODWLQJWR¶ORRNLQJIRUGUDZLQJ·DQGWKHSURGXFWLRQ
RI DFFXUDWHREVHUYDWLRQDOGUDZLQJVDQGWRPDSDQGUHODWHFRQFHSWVDQGÀQGLQJVDFURVV
GLVFLSOLQHV
7KHODQJXDJHRI GUDZLQJSURYLGHVWKHPHDQVWRJDWKHULQVLJKWWRWKLQNWRRUJDQLVHFODULI\
IUDPHDQGVKDUHNQRZOHGJH,XVHGDUDQJHRI YLVXDOPHWKRGVWRPDSPDQLSXODWHDQGDVVHVV
LQIRUPDWLRQDQGGDWD9DULRXVVW\OHVRI FRQFHSWXDOGUDZLQJVVHUYHGGLIIHUHQWIXQFWLRQV
5DGLDWLQJ¶PLQGPDSV· ZHUHXVHGIRUWKLQNLQJEXWQRWIRUSUHVHQWLQJDUJXPHQWV&RQFHQWULF
PDSSLQJVDUHKDUGWRIROORZLQWHUPVRI VHTXHQWLDODUJXPHQWDVWKHSRLQWVUDGLDWHIURPD
FHQWUDOSUHPLVHEXWGRQRWFRPPXQLFDWHWKHRUGHURI DQDUJXPHQWWRDUHDGHUVHH7YHUVN\
ES
Perceptual drawings - observational drawing practice
,H[SORUHGÀQGLQJVIURPGUDZLQJVFLHQFHLQSUDFWLFHXVLQJWHFKQLTXHVGHYHORSHGGXULQJP\
'UDZLQJ0DVWHUVSURMHFWDQGHWKQRJUDSKLFREVHUYDWLRQDOPHWKRGVWRUHFRUGDQGUHÁHFWRQ
SUDFWLFHDGRSWLQJPHWKRGVVXJJHVWHGE\3LQN7KLVZDVFDUULHGRXWLQP\VWXGLRDQG
LQWKHÀHOGUHFRUGHGE\VFDQQLQJDQGSKRWRJUDSKLQJDOOGUDZLQJVDQGNHHSLQJDGLDU\RI 
UHÁHFWLRQVDQGLQVLJKWV7KHVHIHGEDFNLQWRWKHUHVWRI WKHUHVHDUFKVXJJHVWLQJLGHDVIRU
HPSLULFDOH[SHULPHQWVDQGIXUWKHULQYHVWLJDWLRQ
,GUHZLQRUGHUWRSDUWLFLSDWHLQP\VXEMHFWRI VWXG\WRJDLQLQVLJKWVLQWRWKHSURFHVVRI 
OHDUQLQJWRGUDZDQGWKHDFWRI GUDZLQJ7KHDSSURDFKHQWDLOHGDVWUDLJKWIRUZDUGHQJDJHPHQW
LQWKHSUDFWLFHRI GUDZLQJIURPREVHUYDWLRQZLWKUHÁHFWLRQRQP\SHUFHSWXDOH[SHULHQFH
IRFXVLQJRQFKDQJHVLQH[SHULHQFHWDNLQJSDUWLQWKHDFWLYLW\WRJDLQLQVLJKWLQWREHKDYLRXU
DQGVNLOODFTXLVLWLRQ,QHWKQRJUDSKLFWHUPVLQP\VWXGLRDQGRQWKH%HWW\(GZDUGV·GUDZLQJ
FRXUVHLQ6DQWD%DUEDUD,DFWHGDVDSDUWLFLSDQWREVHUYHUVHH6FK|Q3LQN,
XVHGYLGHRWRDQDO\VHVWXGHQWV·DQGP\RZQEHKDYLRXUXVLQJWKHVDPHPHWKRGDVWKDWRI P\
TXDQWLWDWLYHVWXG\VHHEHORZHPSLULFDOPHWKRGVRI EUHDNLQJGRZQWKHDFWLRQLQWRWHPSRUDO
DQGVSDWLDOHOHPHQWVWRGLVFHUQUK\WKPDQGV\QFKURQL]DWLRQRI H\HDQGKDQG
$VRXWOLQHGLQWKHLQWURGXFWLRQWKHREVHUYDWLRQDOGUDZLQJPHWKRGGHYHORSHGIRUWKLVVWXG\
DFWVDVDUHVHDUFKWRRODQGDIRUPRI HQJDJHPHQWUDWKHUWKDQDVDYLVXDOUHSUHVHQWDWLRQDOWRRO
/\RQVUHIHUVWRKHUUHVHDUFKGUDZLQJPHWKRGDVGHOLQHDWLRQWRVSHFLI\WKHWUDQVODWLRQDO
LQWHUSUHWLYHSURFHVVIURPVHQVDWLRQVWROLQH
7KHRXWSXWRI P\GUDZLQJSUDFWLFHZDVLQWHUSUHWHGLQWKHFRQWH[WRI WKHRU\IURPFRJQLWLYH
VFLHQFHDQGLQUHODWLRQWRP\RZQÀQGLQJVIURPWKHVWXG\RI GUDZLQJVWXGHQWV&ROOHFWLRQVRI 
)LJ7KLQNLQJRQWKHSDJHDERXWWKH
LQWHUDFWLRQEHWZHHQH\HDQGKDQG
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GUDZLQJVDUHOLQNHGWRUHÁHFWLYHDFFRXQWVRI P\H[SHULHQFHDQGWRFXUUHQWVFLHQWLÀFWKHRULHV
DQGÀQGLQJVLQPDSVDQGGUDZLQJV'UDZLQJGLDULHVRXWOLQHKRZLQVLJKWVIURPP\RZQVWXGLR
SUDFWLFHLQÁXHQFHGWKHGLUHFWLRQRI P\TXDQWLWDWLYHVWXGLHV5HFRUGVZHUHNHSWLQGLDULHVDQG
SRUWIROLRVDQGVFDQVVWRUHGLQFRPSXWHUÀOHV
Approaching the thesis as a drawing
$VRXWOLQHGDERYHP\UHVHDUFKSURMHFWLVFRQFHLYHGDVDGUDZLQJQHHGLQJDG\QDPLFDSSURDFK
WRIRFXVDWWHQWLRQRQWKHZKROHDQGWKHSDUWV,QREVHUYDWLRQDOGUDZLQJ,XVHDVWUDWHJ\
DNLQWRZD\IDULQJDVGLVWLQFWIURPURXWHÀQGLQJWKLVHQWDLOVDWWHQWLRQWRGHWDLOVDQFKRULQJ
HDFKVHJPHQWWRWKHRWKHUVDQGÀQGLQJ\RXUZD\E\FKHFNLQJUHODWLRQVKLSVDV\RXJR7KLV
LVGLVWLQFWIURPRXWOLQLQJPHWKRGVRI GUDZLQJZKHUHWKHZKROHLVVNHWFKHGRXWDQGGHWDLOV
DQFKRUHGE\WKHZKROH,QP\VW\OHRI GUDZLQJGHWDLOVFRQQHFWWRGHWDLOVDQGHYHQWXDOO\D
ZKROHHPHUJHV7KXVLQWKHFDVHRI P\WKHVLVWKHDUJXPHQWHPHUJHGIURPFRQQHFWLQJWKH
GHWDLOV
7KHSURFHVVRI REVHUYDWLRQDOGUDZLQJDFWVIRUPHDVDQDIÀUPDWLRQRI P\DELOLW\WRVROYH
SUREOHPVWRUHODWHSDUWVDQGEXLOGDFRKHUHQWZKROH0\REVHUYDWLRQDOGUDZLQJPHWKRGLV
GHWDLOIRFXVHGDZD\IDULQJV\VWHPUHO\LQJRQDQRQJRLQJDZDUHQHVVRI SRVLWLRQLQUHODWLRQ
WRQHDUE\SRLQWV,I WKHSDUWVDUHDFFXUDWHO\UHODWHGWKHZKROHZLOOHPHUJH,QWKLVZD\LWLV
GHGXFWLYHHDFKSDUWIROORZLQJIURPRWKHUVDQGDVVHVVHGLQUHODWLRQWRWKHRWKHUV7KHSUHPLVH
LVWKDWWKLVDSSURDFKLVPRUHRSHQDOORZLQJQHZNQRZOHGJHRI WKHZKROHWRHPHUJHWKURXJK
DFFXUDWHDUWLFXODWLRQRI WKHSDUWV2QHGRHVQRWDQWLFLSDWHWKHÀQDOGUDZLQJDQGGRHVQRW
GHSLFWWKHREMHFW,WLVDQH[SORUDWLYHSURFHVV,QWKLVZD\WKHFRQWHQWPLUURUHGWKHIRUPZLWK
WKHUHVHDUFKVXEMHFWEHLQJKRZZHDUWLFXODWHSDUWVLQWRZKROHV7KLVH[WHQGHGWRWKHOHYHORI 
WHPSRUDODQGVSDWLDOFRQVLGHUDWLRQVKRZGRHVRQHRUGHUWKHGUDZLQJWKHUHVHDUFKDQGKRZ
GRHVRQHSK\VLFDOO\SUHVHQWLW"
$SSURDFKLQJWKHWKHVLVLWVHOI DVDGUDZLQJLHXVLQJGUDZLQJDVDPHWKRGRORJ\IDFLOLWDWHG
WKRXJKWDQGDUWLFXODWLRQRI SDUWVDQGZKROHVKHGGLQJOLJKWERWKRQWKHUHVHDUFKVXEMHFWDQG
UHVHDUFKSURFHVVHV
Arenas
,FDUULHGRXWUHVHDUFKLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFWODERUDWRU\DW&DPEHUZHOO&ROOHJH
RI $UWLQP\GUDZLQJVWXGLRDQGLQGUDZLQJFODVVHVLQYDULRXVORFDWLRQV
(PSLULFDOZRUNZDVFDUULHGRXWXQGHUWKHOHDGHUVKLSRI 'U-RKQ7FKDOHQNRDQGLQD
WHPSRUDU\ODE,VHWXSLQ6DQWD%DUEDUD86WRFRQGXFWV\VWHPDWLFWHVWVRI VWXGHQWV·H\HDQG
)LJ7KLQNLQJGUDZLQJDERXWWKHVWUXFWXUHDQGSURJUHVVLRQRI WKHUHVHDUFK
)LJ7KLQNLQJGUDZLQJWKLQNLQJDERXWWKHVWUXFWXUHRI WKHWKHVLV
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KDQGPRYHPHQWVEHIRUHDQGDIWHUXQGHUJRLQJLQWHQVLYHGUDZLQJWXLWLRQDQGSUDFWLFH
$VRXWOLQHGDERYH,TXHVWLRQHGDQGH[SORUHGÀQGLQJVDQGK\SRWKHVHVIURPFRJQLWLYHVFLHQFH
DQGDUWHGXFDWLRQLQGUDZLQJH[SHULPHQWVLQP\VWXGLRDQGLQWHDFKLQJSUDFWLFH )LHOGVWXG\
ZDVFDUULHGRXWLQYDULRXVORFDWLRQVLQFOXGLQJRWKHUGUDZLQJFODVVHVDQGDUWLVWV·VWXGLRVLQ
RUGHUWRUHFRUGDQGREVHUYHEHKDYLRXUDQGH[SHULHQFHLQQDWXUDOVHWWLQJVDQGWRFKDOOHQJH
ÀQGLQJVIURPVFLHQWLÀFODEH[SHULPHQWVDQGP\RZQGUDZLQJSUDFWLFH
Chronology of  research
,WLVZRUWKEULHÁ\VXPPDULVLQJWKHFKURQRORJ\RI P\XVHRI PHWKRGVWRFODULI\WKH
GHYHORSPHQWRI WKHPHWKRGRORJ\DQGKRZLWZDVDSSOLHG$WWKHRQVHWZRUNLQJRQWKH
OLWHUDWXUHUHYLHZDQGLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFWLQIRUPHGGHFLVLRQVDERXW
DSSURDFKDQGUHVHDUFKVXEMHFW$VVLVWLQJZLWKH\HWUDFNLQJH[SHULPHQWVDQGGDWDDQDO\VLV
SUHSDUHGWKHJURXQGIRUP\HPSLULFDOVWXG\RI H\HDQGKDQGPRYHPHQWVDQGOHGWR
WKHGHFLVLRQWRVWXG\GUDZLQJPRYHPHQWVDQGSDUWLFXODUO\WKHDFTXLVLWLRQRI GUDZLQJ
FRPSHWHQFLHV$WWKLVSRLQW,GHYHORSHGLQWHUYLHZPHWKRGVWRFRQQHFWH[SHULHQFHRI 
SUDFWLWLRQHUVZLWKREVHUYDWLRQVRI WKHLUPRYHPHQW,WKHQGHVLJQHGDQGFRQGXFWHGP\
TXDQWLWDWLYHVWXG\RI WKHPRYHIURPQRYLFHWRZDUGVH[SHUWGUDZHUDQGWUDYHOOHGWR6DQ'LHJR
DQG6DQWD%DUEDUD&DOLIRUQLDWRREVHUYH(GZDUGV·WHDFKLQJPHWKRGVDQGWRPDNHWKUHHFDVH
VWXGLHVRI KHUVWXGHQWV
,QWKHVHFRQGSKDVHRI UHVHDUFKGRFXPHQWHGLQ3DUWRI WKHWKHVLV,PRYHGLQWRDSKDVH
RI SUDFWLFDOH[SORUDWLRQRI VFHLQWLÀFSHGDJRJLFDQGSKLORVRSKLFDOWKHRU\XVLQJGUDZLQJDQG
WHDFKLQJSUDFWLFH:LWKNQRZOHGJHDQGÀQGLQJVIURPP\RZQVWXG\DQGIURPZRUNLQJLQ
WKH'UDZLQJDQG&RJQLWLRQ3URMHFW,GHYHORSHGDPRGHORI H[SHUWGUDZLQJEHKDYLRXUWR
EHIXUWKHUH[SORUHGE\UHÁHFWLYHGUDZLQJDQGWHDFKLQJSUDFWLFHDQGFRQFHSWXDOUHODWLRQDO
GUDZLQJV7KLVSKDVHRI VWXG\EHJDQE\P\PDNLQJDGUDZLQJWRH[SORUHKRZHQDFWLYH
SHUFHSWLRQWKHRU\LPSDFWVRQREVHUYDWLRQDOGUDZLQJSUDFWLFHDQGSHGDJRJ\6HH&KDSWHU
)ROORZLQJIURPWKLV,IRUPXODWHGGUDZLQJLQVWUXFWLRQVJURXQGHGLQWKHQHZVFLHQFHRI 
GUDZLQJPRYHPHQWDQGH[SORUHGPRWRUDQGVHQVRU\SURFHVVHV7KHVHQHZPHWKRGVZHUH
H[SORUHGWKURXJKP\RZQSUDFWLFHDQGWHDFKLQJ)URP,EHJDQFRQYHUVDWLRQVZLWKIHOORZ
GRFWRUDOUHVHDUFKHUV$QGUHD.DQWURZLW]DQG0LFKHOOH)DYDDVRXWOLQHGDERYH
$ERYH,KDYHJLYHQDQRXWOLQHRI WKHJHQHUDODSSURDFKHVFRQVLGHUHGPRVWDSSURSULDWH
IRUWKHVWXG\%HORZLQ,VKRZKRZWKHVHPHWKRGVZHUHXVHG$VH[SODLQHGWKHFHQWUDO
)LJ7KLQNLQJRQWKHSDJHDERXWWKHLQWHUDFWLRQEHWZHHQH\HDQG
hand
)LJ7KLQNLQJDERXWWKRXJKWDQGDUWLFXODWLRQ
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PHWKRGRORJ\ZDVGUDZLQJDVDUHODWLRQDOWRROIRUWKLQNLQJYLVXDOLVLQJRUJDQLVLQJLQIRUPDWLRQ
DQGIRUUHÁHFWLRQRQSUDFWLFHDQGWHDFKLQJ
3.3 Methods
7KHXVHRI WKHYDULRXVPHWKRGVDUHRXWOLQHGEHORZZLWKGHWDLOVRI GDWDVRXJKWGDWDFROOHFWLRQ
DQGSURFHGXUHDQDO\VLVSUHVHQWDWLRQDQGLQWHUSUHWDWLRQIRUWKHHPSLULFDOVWXG\
Conceptual drawing practice 
(DFKFKDSWHUH[LVWVDVGUDZLQJVDVZHOODVWH[W&RQFHSWXDOPDSSLQJGUDZLQJVUHVROYHG
DQGWKHQGHVFULEHGWKHVWUXFWXUHRI FKDSWHUVDQGDQQRWDWHG¶ÁRZ·GUDZLQJVH[SORUHGWKH
SURJUHVVLRQRI WKHWKHVLV
,Q&KDSWHUWKHDUJXPHQWLVSUHVHQWHGWKURXJKDQQRWDWHGGUDZLQJVUDWKHUWKDQWH[WDOORZLQJ
DOHVVOLQHDUSURJUHVVLRQEXWPDLQWDLQLQJDFOHDUWKUHDGWRIROORZ7KLVPHWKRGFDPHDERXW
DIWHUWU\LQJYDULRXVIRUPVRI ¶PLQGPDSV·DQGLOOXVWUDWLYHGUDZLQJWRJUDVSDQGHOXFLGDWH
LGHDVDQGWH[WXDOGUDIWV$F\FOLFDOSURFHVVGHYHORSHGRI PDNLQJGUDZLQJVZULWLQJIURPWKH
GUDZLQJVDQGWKHQGUDZLQJIURPWKHZULWLQJLQDQHIIRUWWRGHYHORSDUJXPHQWV
,H[SORUHGKRZLGHDVFRXOGH[LVWDQGEHDUWLFXODWHGYLVXDOO\ZLWKLQ¶FKDSWHUZRUOGV·:ULWLQJ
XSLQWKLVZD\EHFDPHDFRQYHUVDWLRQEHWZHHQWH[WDQGGUDZLQJVKHOSLQJWRGHYLVHZD\VWR
GLVFXVVDQGLQWHUSUHWGDWDDQGLGHDV
Observational drawing practice
Drawing projects
D,Q1RYHPEHU,GUHZOLQHSRUWUDLWVIRUGD\VIRUDWOHDVWKRXUVHYHU\GD\$WWKH
HQGRI WKHZHHN,ZDVKDYLQJDFRQYHUVDWLRQZLWKVRPHRQHDQGIRXQGP\VHOI XQDEOHWR
FRQFHQWUDWHRQZKDWVKHZDVVD\LQJ,UHDOLVHG,ZDVORRNLQJDWKHULQZKDW(GZDUGVFDOOV
¶WKHGUDZLQJPRGH·²KHUIDFHDSSHDUHGWRPHDVOLQHVWREHGUDZQ7KLVEHJJHGWKHTXHVWLRQ
ZKHWKHURWKHUDUWLVWVH[SHULHQFHWKLVDQGZKHWKHUWKHUHLVDZD\WRH[SORUHWKLVIXUWKHULQWKH
ODERULQWKHVWXGLR,QWKLVFDVHP\GUDZLQJSUDFWLFHDFWHGDVDSUHOLPLQDU\SRLQWHUKHOSLQJPH
IUDPHTXHVWLRQVIRUVWXG\DQGLQLWLDWLQJDF\FOHRI TXHVWLRQLQJEHWZHHQODEDQGVWXGLR
E-XO\3DUWLFLSDWLRQLQ(GZDUGV·GD\LQWHQVLYHGUDZLQJFRXUVH,NHSWDGHWDLOHGUHFRUG
FRQVLVWLQJRI DOOWKHGUDZLQJV,SURGXFHGDXGLRUHFRUGLQJVRI WKHVHVVLRQVDQGDGLDU\RI P\
UHÁHFWLRQV6HH&KDSWHUDQGDSSHQGLFHV
)LJ,QVLJKWWKURXJKGUDZLQJWRXQGHUVWDQGWHPSRUDODVSHFWVRI YLVLRQDQGYLVLRQDV¶WRXFKDWDGLVWDQFH·
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F([SORUDWLRQRI 0DWLVVH·VWKHPHVDQGYDULDWLRQV0DWLVVH·VPHWKRGRI UHSHDWHGREVHUYDWLRQDO
VWXGLHVWKHPHVRI RQHVXEMHFWIROORZHGE\ORRVHUTXLFNHUGUDZLQJVYDULDWLRQVLVWKH
PHWKRG,KDGXVHGIRU\HDUVRI SURIHVVLRQDOSUDFWLFHEHWZHHQDQG0\0DVWHUV
VWXG\H[DPLQHGWKLVPHWKRG,PDGHGUDZLQJVRI WKHVDPHVWLOOOLIHDQGÀOPHGP\RZQ
H\HDQGKDQGPRYHPHQWV,FRPSDUHGWKLVGUDZLQJSURFHVVWRWKHSURFHVVRI OHDUQLQJWR
SOD\DSLHFHRI SLDQRPXVLF2EVHUYDWLRQDOGUDZLQJLVDQDORJRXVWRWKHSURFHVVRI VLJKW
UHDGLQJSUDFWLVLQJDQGSHUIRUPDQFH0\0DVWHUVVWXG\UDLVHGTXHVWLRQVDERXWWKHXVHRI 
PRWRUPHPRU\DQGZKHWKHURQHFDQOHDUQDYLVXDOLPDJHLQWKHVDPHZD\RQHFDQOHDUQ
DSLHFHRI PXVLF'R\RXVWLOOQHHGWRORRNDWWKHLPDJHLQRUGHUWRGUDZLWDFFXUDWHO\",
FRQWLQXHGWKLVLQYHVWLJDWLRQLQWKHFRQWH[WRI 7FKDOHQNR·VFRJQLWLYHLQWHUSUHWDWLRQRI 0DWLVVH·V
H[HFXWLRQRI GUDZLQJV7KHLPSHWXVIRUWKLVZDVWRH[SORUHKLVÀQGLQJVLQSUDFWLFHDQG
H[DPLQHH[SHULHQWLDOO\WKHGLIIHUHQFHVEHWZHHQWKHHDUO\¶WKHPH·VWDJHVRI GUDZLQJDQGWKH
IROORZLQJ¶YDULDWLRQV·7KLVKDVSRWHQWLDOWRVKHGIXUWKHUOLJKWRQGLIIHUHQFHVEHWZHHQW\SHV
RI REVHUYDWLRQDOGUDZLQJDQGZD\VRI ORRNLQJ'UDZLQJWKHVDPHLPDJHUHSHDWHGO\LVDQ
LQWHUHVWLQJZD\WRVWXG\WKHOHDUQLQJSURFHVVDQGDOVRRIIHUVDQH[SHULPHQWDOPHWKRGZKHUH
WKHRULJLQDOVXEMHFWRULPDJHLVFRQVWDQW0\SURYLVLRQDOÀQGLQJVIURPP\0DVWHUVVWXG\
VXJJHVWHGWKDWIRUPHHYHQDIWHUGUDZLQJVPDGHRI WKHVDPHVWLOOOLIH,ZDVXQDEOHWR
GUDZLWDFFXUDWHO\IURPPHPRU\HLWKHUPRWRURUYLVXDO,VLPSOLÀHGP\VXEMHFWDQGDWWHPSWHG
WRGUDZMXVWRQHHOHPHQWDEOXHSKLDOIURPPHPRU\7KLVZDVPRUHVXFFHVVIXOEXWVWLOO
VXUSULVLQJO\KDUGIRUPHWRUHPHPEHU7KLVPD\VD\PRUHDERXWPHWKDQDERXWWKHFRPSOH[LW\
RI WKHSURFHVVKRZHYHUP\FRQWLQXLQJH[SORUDWLRQRI PRWRUPHPRU\DQGYLVXDOPHPRU\OHG
WRLGHDVIRUREVHUYLQJKRZUHSHDWHG¶WKHPH·VWXGLHVPD\DIIHFWZD\VRI ORRNLQJ6HH&KDSWHU
IRUH[DPSOHVRI GUDZLQJV
G,EHJDQWRWUDQVODWH7FKDOHQNR·VÀQGLQJVLQWRGUDZLQJLQVWUXFWLRQVDQGGHYHORSHGD
QHZPHWKRGKLQJLQJRQWHPSRUDODZDUHQHVVRI H\HDQGKDQGFRRUGLQDWLRQ7U\LQJRXW
REVHUYDWLRQDOGUDZLQJDQGWHDFKLQJPHWKRGVEDVHGRQUHFHQWVFLHQWLÀFÀQGLQJVEHFDPH
FHQWUDOWRWKHUHVHDUFKIURP-XO\RQZDUGV7KHDLPVZHUH
LWRH[SORUHKRZWRSUDFWLFHOHDUQDQGWHDFKREVHUYDWLRQDOGUDZLQJLLWRH[SORUHH[LVWLQJ
VFLHQWLÀFDQGHGXFDWLRQDOWKHRU\)URP-XO\²6HSW,WDXJKWGUDZLQJWRQRYLFHVWXGHQWV
RQHWRRQHDQGLQJURXSV,UHFRUGHGVWXGHQWV·UHVSRQVHVWRLQVWUXFWLRQLQWKHIRUPRI WKHLU
GUDZLQJVWKHLUH[SHULHQWLDODFFRXQWVDQGP\REVHUYDWLRQVRI WKHLUUHDFWLRQVWRWKHLQVWUXFWLRQ
,GRFXPHQWHGP\LQVLJKWVDQGZKHUHSRVVLEOHFROODWHGWKHVHZLWKFRSLHVRI VWXGHQWV·GUDZLQJV
H,Q0DUFK,EHJDQWHDFKLQJDZHHNO\GUDZLQJFODVVFDOOHG'UDZLQJ*URZWKLQ%URFNZHOO
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&RPPXQLW\*DUGHQVZZZEURFNZHOOJUHHQKRXVHVRUJXNWRVXVWDLQP\RZQSUDFWLFHE\
GUDZLQJWKHVDPHSODQWVUHSHDWHGO\HDFKZHHNWRWUDFNJURZWKDQGWRWHVWGUDZLQJPHWKRGV
ZLWKVWXGHQWV6SHFLÀFDOO\ZHH[SORUHGPRWRUPHWKRGVRI GUDZLQJDQGWKHSURSRVLWLRQWKDW
WKHH\HDQGWKHKDQGFRQYHUVHDQGOHDUQDQHZDUWLFXODWHGDQGV\QFKURQLVHGZD\RI ORRNLQJ
)HHGEDFNIURPVWXGHQWVZDVFROOHFWHGYLDHPDLODQGGUDZLQJVDQGFRPPHQWVSRVWHGRQ
DSDJHRI WKHFRPPXQLW\JDUGHQ·VZHEVLWHKWWSZZZEURFNZHOOJUHHQKRXVHVRUJXN
ZHOFRPHZKDWVRQDGXOWFRXUVHV6HH&KDSWHUDQG'9'IRULPDJHVRI GUDZLQJV
I,WDXJKWP\PRWRUEDVHGPHWKRGDWFODVVHVDW7HDFKHUV·&ROOHJH&ROXPELD8QLYHUVLW\DQG
WKH0HWURSROLWDQ0XVHXPRI $UWLQ-XO\DQG2FWREHUWHDFKLQJP\¶H\HGUDZ·PHWKRG
DQGWKHV\QFKURQL]DWLRQRI H\HDQGKDQG6HH'9'IRUDXGLRUHFRUGLQJVRI OHVVRQV
Empirical methods
,QWKH'UDZLQJDQG&RJQLWLRQ3URMHFWZHREVHUYHGH\HDQGKDQGPRYHPHQWVGXULQJWKH
WDVNRI GUDZLQJ2EVHUYDWLRQDOGUDZLQJLVSDUWLFXODUO\DPHQDEOHWRTXDQWLWDWLYHVWXG\DV
WKHSDUWLFLSDQWJHQHUDWHVYLVLEOHRXWSXWVLQWKHIRUPVRI H\HDQGKDQGPRYHPHQWVDQGWKH
HPHUJLQJOLQHGUDZQRQWKHSDSHULHWKHSURFHVVDQGWKHRXWFRPHFDQEHPHDVXUHG7KH
LQSXWLHWKHREMHFWWKDWLVEHLQJGUDZQLVDOVRYLVLEOHDQGFDQEHFRPSDUHGZLWKWKHRXWSXWLQ
VHYHUDODQDO\WLFDODQGGHVFULSWLYHZD\V,EHJDQP\VWXG\DVVLVWLQJZLWKH\HWUDFNLQJWHVWVDQG
WKHQZHQWRQWRFRQGXFWP\RZQYLGHRVWXG\RI (GZDUGV·VWXGHQWV,DOVRFRQGXFWHGDQH\H
WUDFNLQJVWXG\DW/RXJKERURXJK8QLYHUVLW\ZLWK0LFKHOOH)DYDWRH[SORUHRXURZQGUDZLQJ
SUDFWLFHVVHH&KDSWHUIRUGHWDLOVRI H[SORUDWLRQRI PRWRUPHWKRGVRI GUDZLQJDQGH\H
FRQWURO
Video analysis
)RUREVHUYDWLRQRI P\RZQGUDZLQJEHKDYLRXUDQGWKDWRI GUDZLQJVWXGHQWVWKHFHQWUDO
PHWKRGZDVIUDPHE\IUDPHDQDO\VLVRI YLGHRIRRWDJHWRUHFRUGWLPLQJDQGVSDWLDOORFDWLRQ
RI H\HDQGKDQGPRYHPHQWVDQGWRREVHUYHGUDZLQJLQVORZDQGIDVWPRWLRQ)RUWKH
SXUSRVHRI WKHVWXG\WKHVHDFWLRQVLQVSDFHDQGWLPHZHUHGHÀQHGDVWKHHOHPHQWVRI GUDZLQJ
7RDQDO\VHWHPSRUDOHOHPHQWV,XVHGHGLWLQJVRIWZDUH)LQDO&XW3URDQG$GREH3UHPLHU3UR
WRGLYLGHDFWLRQLQWRSKDVHVRI GUDZLQJDQGQRWGUDZLQJDQGORRNLQJDWWKHSDSHUDQGWKH
RULJLQDO7KHFDPHUDXVHG6RQ\GLJLWDOFDPFRUGHU'65SGDOORZVWKHREVHUYDWLRQRI 
ORFDWLRQRI WKHJD]HRQWKHSDSHURUWKHRULJLQDODQGSKDVHVRI GUDZLQJDQGQRWGUDZLQJ
DFFXUDWHWRRI VHFRQG+DQGGUDZQWLPHOLQHVDOVRVKRZWKHSOD\LQJRXWRI WKHSURFHVV
DQGLQWHUDFWLRQVEHWZHHQKDQGDQGH\H7RUHFRUGVSDWLDOHOHPHQWV,XVHGWKHVDPHPHWKRGRI 
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YLGHRDQDO\VLVWRORFDWHWKHJD]HDQGDFFXUDF\VRIWZDUHWRPHDVXUHVSDWLDODVSHFWVRI WKHÀQDO
GUDZLQJVLQFRPSDULVRQWRRULJLQDOV
,ZDVLQWHUHVWHGLQWKHLQWHUUHODWLRQVKLSRI WHPSRUDODQGVSDWLDOHOHPHQWVRI WKHGUDZLQJ
SURFHVV)RUH[DPSOHZKHUHGRHVWKHGUDZHUORRNDWWKHEHJLQQLQJRI GUDZLQJDOLQHWKH
PLGGOHDQGWKHHQG":KHQGRHVWKHGUDZHUORRNDWWKHSDSHUDQGZKHQDWWKHRULJLQDO"6RWKH
TXHVWLRQVH[SORUHGZHUH:KHUHLVWKHKDQG":KHUHLVWKHH\H",VWKHKDQGPRYLQJ"
,VWKHH\HPRYLQJ":KHQLVWKHH\HPRYLQJ":KHQLVWKHKDQGPRYLQJ"+RZGRWKRVH
HOHPHQWVLQWHUDFW"
9LGHRSOD\EDFNHQDEOHVSUHFLVHLQIRUPDWLRQDERXWZKHQSDUWLFLSDQWVDUHGUDZLQJRUSDXVLQJ
DQGDERXWWKHPRYHPHQWVRI WKHSHQFLO6ORZPRWLRQDOORZVGHWDLOHGREVHUYDWLRQRI GUDZLQJ
DVZHOODVXVHIXOREVHUYDWLRQRI DFWXDOVSHHGVRI GUDZLQJ7KHGUDZLQJZDVEURNHQGRZQWR
VKRZSKDVHVRI GUDZLQJDVSHUWKHHOHPHQWVVWXGLHGDQGLQWHUPVRI VHJPHQWDWLRQRI WKH
OLQHVZLWKVWLOOIUDPHVH[SRUWHGWRVKRZWKHSURJUHVVLRQDQGQXPEHURI OLQHVHJPHQWVLQD
GUDZLQJ
Case studies of  Betty Edwards’ students, learning to draw 
7KHH[SHULPHQWDOHOHPHQWRI P\VWXG\FRQVLVWHGRI DQHPSLULFDOVWXG\WRH[SORUHWKHHIIHFWV
RI GUDZLQJSUDFWLFHRQH\HDQGKDQGPRYHPHQWVDQGGUDZLQJDFFXUDF\7KLVLQYROYHGVWXGHQWV
ZKRZHUHWDNLQJDGD\REVHUYDWLRQDOGUDZLQJFRXUVHIRUEHJLQQHUVLQ6DQ'LHJRDQG
6DQWD%DUEDUD&DOLIRUQLDWK-XO\²VW$XJXVWUXQE\(GZDUGVDQGKHUVRQ%ULDQ
%RPHLVOHU7KHH[SHULPHQWZDVDZLWKLQVXEMHFWVWXG\FRPSDULQJWKHEHKDYLRXURI GUDZLQJ
VWXGHQWVEHIRUHDQGDIWHUXQGHUWDNLQJLQWHQVLYHGUDZLQJWUDLQLQJ
7KHGLVWLQFWLRQEHWZHHQP\UHVHDUFKDQG7FKDOHQNR·VLVWKDW,ZDVLQYHVWLJDWLQJWKHOHDUQLQJ
SURFHVVZKLOHKHZDVIRFXVHGRQWKHDFWRI GUDZLQJ,ZDQWHGWRLQYHVWLJDWHKRZDFFRXQWV
RI FKDQJHVLQSHUFHSWLRQPD\PDQLIHVWWKHPVHOYHV7KHGUDZLQJFRXUVHZDVLGHDOO\VXLWHGIRU
WKLVVWXG\DVVWXGHQWVIROORZDPRGHORI GUDZLQJLQVWUXFWLRQWKDWLVGRFXPHQWHGLQGHWDLOLQ
(GZDUGV·GUDZLQJPDQXDODQGRQD'9'DQGWKDWUHÁHFWVZLGHO\XVHGWHDFKLQJSDUDGLJPV
(GZDUGVKDVEHHQWHDFKLQJGUDZLQJVLQFHWKHVDQGKDVFROOHFWHGPXFKHYLGHQFHRI WKH
HIIHFWVRI GUDZLQJWXLWLRQRQVWXGHQWVLQWKHIRUPRI ZULWWHQDFFRXQWVDQG¶EHIRUHDQGDIWHU·
GUDZLQJV
(GZDUGVEHOLHYHVWKDWGUDZHUVFDQOHDUQDQHZZD\RI ORRNLQJIRUGUDZLQJ)XUWKHUPRUHVKH
DVVHUWVWKDWWKLVFDQEHOHDUQWTXLFNO\HLWKHUWKURXJKKHUERRNRURQRQHRI KHULQWHQVLYHGD\
FRXUVHVIRUEHJLQQHUV7KHTXHVWLRQZDVZKHWKHUWKLVWUDQVIRUPDWLRQZKLFKVKHGHVFULEHV
DVDFRJQLWLYHVKLIWLVDOVRHYLGHQFHGLQSK\VLFDOFKDQJHV0\UHVHDUFKORRNHGIRUUHFRUGDEOH
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HYLGHQFHRI WKLVDGDSWDWLRQLQWKHH\HDQGKDQGPRYHPHQWVRI KHUVWXGHQWV7KHK\SRWKHVHV
WHVWHGZHUHGHYHORSHGIURP7FKDOHQNR·VÀQGLQJVRQH[SHUWGUDZHU·VKDQGH\HLQWHUDFWLRQ
5HVXOWVDLPHGWRSURYLGHQHZTXDQWLWDWLYHLQIRUPDWLRQDERXWWKHSURFHVVHVRI WHDFKLQJDQG
OHDUQLQJWRGUDZDQGWRGLUHFWO\OLQNHYLGHQFHRI SK\VLFDOEHKDYLRXUZLWKH[SHULHQWLDODFFRXQWV
,GHVLJQHGDORQJLWXGLQDOVWXG\RI WKHOHDUQLQJRI GUDZLQJDOORZLQJWKHFRUUHODWLRQRI FKDQJHV
LQEHKDYLRXUZLWKGUDZQRXWFRPHV7KHUHVXOWVDUHUHSRUWHGLQ&KDSWHU)RFXVLQJRQWKH
VSHFLÀFFDVHRI KRZSHRSOHFRS\DOLQHGUDZLQJ,ZDVORRNLQJIRUHYLGHQFHRI WKHHIIHFWVRI 
GUDZLQJSUDFWLFHDQGLQVWUXFWLRQ
'XHWRWKHLQWHQVLYHQDWXUHRI WKHWUDLQLQJFRXUVHWKHQHHGWRÀQGVWXGHQWVZLOOLQJWREH
REVHUYHGDQGWHVWHGDQGWKHGHWDLOHGWLPHFRQVXPLQJIUDPHE\IUDPHDQDO\VLVWKHVWXG\ZDV
GHVLJQHGDVFDVHVWXGLHVRI WKUHHVWXGHQWV9LGHRIRRWDJHZDVVXSSOHPHQWHGE\LQIRUPDWLRQ
IURPLQWHUYLHZVVWXGHQWV·¶GLDULHVRI FKDQJH·DQGYLGHRDQGDXGLRUHFRUGLQJVRI WKHFODVVHV
7KHREMHFWLYHZDVWRORRNIRUFKDQJHVLQSDWWHUQVDQGUK\WKPVRI VWXGHQWV·H\HPRYHPHQWV
DQGLQWKHLUSKHQRPHQRORJLFDOH[SHULHQFHRI GUDZLQJDVZHOODVLQWKHLUZD\RI GUDZLQJ
,QSK\VLFDOWHUPVWKHVWXG\DVNHG
:KHUHDUHVWXGHQWVORRNLQJZKLOHWKH\GUDZ"$UHWKHUHGLVFHUQLEOHSDWWHUQVLQWKHLUH\H
PRYHPHQWV"'RWKHVHSDWWHUQVFKDQJHDVDUHVXOWRI GUDZLQJSUDFWLFH"'RFHUWDLQSDWWHUQVRU
W\SHVRI H\HPRYHPHQWVDSSHDUWRUHVXOWLQPRUHDFFXUDWHÀQDOGUDZLQJV"
,QWHUPVRI LQWHUSUHWDWLRQZKDWPD\WKHVHH\HSDWKVVXJJHVWDERXWSHUFHSWXDODFWLYLW\GXULQJ
GUDZLQJ"
Design and procedure
7KHÀQGLQJVRI 0LDOODQG7FKDOHQNRLQIRUPHGWKHVWXG\7KHLUÀQGLQJVVXJJHVWWKDW
FRPSDUHGWRDQRYLFHDQH[SHUW
• 6SHQGVPRUHWLPHRQWKHWDVN
• 'UDZVVORZHU
• 3DXVHVPRUHDQGKHQFHSURGXFHVPRUHOLQHVHJPHQWV
• $FKLHYHVDKLJKHUOHYHORI VSDWLDODFFXUDF\LQFRS\LQJ
• 8VHVDMXVWLQWLPHVWUDWHJ\LQFOXGLQJWKHXVHRI ¶EOLQGGUDZLQJ·DQGMXVWLQWLPHJODQFHVWR
WKHSDSHUZKHQDVHJPHQWRI GUDZLQJLVDERXWWREHFRPSOHWHG
7KHNH\ÀQGLQJH[SORUHGZDVWKHH[SHFWDWLRQRI VHJPHQWDWLRQRI FRPSOH[OLQHVLQWRVLPSOH
OLQHVHJPHQWVDQGWKHXVHRI SDXVHV7FKDOHQNRDQG0LDOO·VÀQGLQJVZHUHFRPSDUHGZLWKP\
ZLWKLQVXEMHFWREVHUYDWLRQVRI FKDQJHVLQH\HKDQGLQWHUDFWLRQVRI VWXGHQWVOHDUQLQJWRGUDZ
3DUWLFLSDQWVZHUHDVNHGWRFRS\DGOLQHGUDZLQJ7KHRULJLQDOGOLQHGUDZLQJÀJ
)LJ7KHH[SHULPHQWDOVHWXS
)LJ2ULJLQDOOLQHWKDWWKHVWXGHQWVFRSLHG
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ZDVSODFHGRQDQHDVHODWOHIWRI DQHDVHOZLWKWKHEODQNVKHHWRI SDSHUIRUWKHFRS\WREH
GUDZQRQVHHÀJ7KLVPHDQWWKDWWKHSDUWLFLSDQWQHHGHGWRPDNHDVLJQLÀFDQWURWDWLRQ
RI WKHKHDGEHWZHHQORRNLQJDWRULJLQDODQGWKHSDSHU,QWKLVZD\WKHWDVNZDVGLIIHUHQWIURP
WKRVHLQ7FKDOHQNRDQG0LDOO·VFRS\LQJWHVWVZKHUHWKHRULJLQDOZDVDGMDFHQWWRWKHSDSHU,Q
WKLVVWXG\GXHWRTXHVWLRQVDERXWZKHWKHUSHULSKHUDOYLVLRQHLWKHUZKLOHORRNLQJDWWKHRULJLQDO
RUGXULQJVDFFDGHVEHWZHHQRULJLQDODQGSDSHUPD\FRQWULEXWHWRYLVXDOSHUFHSWLRQ¶EOLQG
GUDZLQJ·LVUHIHUUHGWRDV¶KDQGDORQH·GUDZLQJ7KLVPHDQVGUDZLQJZKHQWKHH\HLVRII WKH
SDSHU
9LGHRIRRWDJHZDVDQDO\VHGLQWHUPVRI FKDQJHVLQDVSDWLDODQGWHPSRUDOLQWHUDFWLRQRI 
H\HDQGKDQGSHUIRUPDQFHDQGEWKHOLQHGUDZQRXWSXW7KHVWXG\DVNHG¶GRHVWKHKDQG
QHHGWKHH\H"·DQGLI VRLQZKLFKVLWXDWLRQV¶ZKHQGRHVWKHKDQGQHHGWKHH\H"·$IÀUPDWLYH
DQVZHUVZLOOWKHQSRVHTXHVWLRQVDERXWZK\WKHKDQGQHHGVWKHH\HDQGZKHWKHUWKHGUDZHU
NQRZVH[SOLFLWO\RULPSOLFLWO\WKDWWKHKDQGQHHGVWKHH\HDQGZKHQLWQHHGVLW
Measuring behaviour
7FKDOHQNR·VH\HWUDFNLQJUHVHDUFKÀQGLQJVDUHSULPDULO\UHODWHGWREHKDYLRXU+LVTXDQWLWDWLYH
DQDO\VLVRI GDWDZDVFDUULHGRXWXVLQJH\HWUDFNLQJVRIWZDUHLQFRQMXQFWLRQZLWKYLGHRIRRWDJH
IURPDVFHQHFDPHUD(\HWUDFNLQJJLYHVPRUHSUHFLVHGDWDRQWKHVSDWLDOORFDWLRQRI À[DWLRQV
ZKLFKZHUHQRWUHTXLUHGKHUH9LGHRZDVPRUHVXLWDEOHIRUWKLVVWXG\DVZHUHTXLUHGELQDU\
GDWDVHWVZLWKWKHH\HHLWKHURQRURII WKHRULJLQDODQGWKHKDQGHLWKHUGUDZLQJRUQRW
GUDZLQJ7KHYLGHRDQDO\VLVFDUULHGRXWLQWKLVVWXG\XVHVDPHWKRGWKDW7FKDOHQNRGHYHORSHG
IRUDQDO\VLQJIRRWDJHIUDPHE\IUDPHWRDVVHVVH\HDQGKDQGEHKDYLRXUDQGLQWHUDFWLRQ6HH
7FKDOHQNRE
Measuring accuracy
:KHQWKLVVWXG\ZDVPDGH7FKDOHQNRKDGQRWDVVHVVHGWKHDFFXUDF\RI SDUWLFLSDQWV·FRSLHV
GUDZLQJVDSDUWIURPE\UHO\LQJRQKLVRZQYLVXDODVVHVVPHQW+HKDVXVHGFRPSXWHUVRIWZDUH
WRDQDO\VHDFFXUDF\LQKLVUHFHQWUHVHDUFK2WKHUUHFHQWVWXGLHVRI REVHUYDWLRQDOGUDZLQJKDYH
XVHGKXPDQMXGJHVWRDVVHVVDFFXUDF\IRUH[DPSOH&RKHQ.R]EHOW
,QRUGHUWRFRUUHODWHFKDQJHVLQEHKDYLRXUZLWKDELOLW\WRGUDZDFFXUDWHO\DVRIWZDUH
SURJUDPPHZDVGHVLJQHGFDSDEOHRI FRPSDULQJFRQWLQXRXVGUDZQOLQHV7KHVRIWZDUH
FDQSURYLGHFRRUGLQDWHVIRUDQ\FKRVHQSRLQWRQDOLQHDQGFDQLGHQWLI\WXUQLQJSRLQWV
DQGVHOHFWODQGPDUNSRLQWVIRUDQDO\VLVVHHÀJ7KHLGHQWLÀFDWLRQRI NH\SRLQWVWR
DOORZFRPSDULVRQEHWZHHQRULJLQDODQGFRSLHVUHTXLUHGVXEVWDQWLDOVWDWLVWLFDODQDO\VLVDQG
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)LJ7KHRULJLQDOOLQHODEHOOHGZLWKODQGPDUNVXVHGIRUDFFXUDF\DQDO\VLV
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SUHVHQWDWLRQUHVRXUFHV&RPSXWHUSURJUDPPHU'DQ3RSHKHOSHGWRGHYLVHUHOLDEOHPHDQV
RI GHWHUPLQLQJXVHIXOODQGPDUNSRLQWVXVLQJDQDO\VLVRI UDWHVRI FKDQJHLQWKHDQJOHRI OLQH
7KHSURJUDPPHDOVRPHDVXUHVWKHOLQHWKLFNQHVVDVVLVWLQJLGHQWLÀFDWLRQRI WXUQLQJSRLQWVDQG
SRLQWVZKHUHWKHGUDZHUSDXVHV
Hypotheses
+\SRWKHVHVZHUHGHVLJQHGWRWHVWWKHÀQGLQJVRI 7FKDOHQNRDQG0LDOODERXWGUDZLQJRI 
VLPSOHYHUVXVFRPSOH[OLQHVDQGWKHTXHVWLRQRI ZKHQWKHH\HQHHGVWRORRNDWWKHSDSHUIRU
VSDWLDODFFXUDF\7FKDOHQNRDQG0LDOOIRXQGWKDWQRYLFHVDQGH[SHUWVZHUHVLPLODUO\DEOHWR
DFFXUDWHO\GUDZVLPSOHVHJPHQWVRI OLQHEXWH[SHUWVZHUHPRUHDFFXUDWHZKHQMRLQLQJWKH
VHJPHQWVWRJHWKHURQWKHSDJH$SSO\LQJWKHÀQGLQJVWRWKLVFDVH,ZDVLQYHVWLJDWLQJZKHWKHU
EHJLQQHUVWXGHQWVDFKLHYHDFFXUDF\LQVKDSHRQGD\DQGGD\EXWRQO\DFKLHYHDFFXUDF\LQ
VSDWLDOUHODWLRQVKLSVRI VHJPHQWVRQGD\
Data sought
,QIRUPDWLRQZDVFROOHFWHGIURPVRXUFHVYLGHRIRRWDJHWKHSDUWLFLSDQWV·WHVWGUDZLQJV
DQGWKHSDUWLFLSDQWV·RZQDFFRXQWVLQWKHIRUPRI LQWHUYLHZVDQGGLDULHV'DWDZDVVRXJKW
UHODWLQJWR
7LPLQJDQGSDWWHUQVRI H\HDQGKDQGPRYHPHQWV
(YLGHQFHRI OLQHVHJPHQWDWLRQ
7KHYLGHRIRRWDJHIURPHDFKWHVWUHFRUGHGGDWDIURPWKHPRGHV
(\HV/RRNLQJDWWKHSDSHU3/RRNLQJDWWKHRULJLQDO2
+DQG'UDZLQJ'1RWGUDZLQJ1'
7KHVHYDULDEOHVZHUHUHYLHZHGLQVHYHUDOZD\VLQFOXGLQJDFRPSDULVRQRI WRWDOWLPHVSHQWLQ
HDFKPRGHLQWHUDFWLRQEHWZHHQPRGHVVSHHGRI GUDZLQJGZHOOIUHTXHQF\DQGWKHQXPEHURI 
VHJPHQWVGUDZQ
&KDQJHVLQSDWWHUQRI H\HDQGKDQGPRYHPHQWVIURPGD\WRGD\ZHUHVKRZQLQYLVXDO
UHSUHVHQWDWLRQVRI WKHYLGHRWLPHOLQHVIRUH[DPSOHÀJ
3DUWLFLSDQWV·EHKDYLRXURQGD\ZDVÀUVWFRPSDUHGZLWKWKHPRGHORI H[SHUWGUDZLQJDQG
WKHQSDUWLFLSDQWV·EHKDYLRXURQGD\ZDVFRPSDUHGZLWKERWKWKHH[SHUWPRGHODQGWKHLU
EHKDYLRXURQGD\LHZLWKLQVXEMHFW
Participants’ test drawings
$FROOHFWLRQRI VLJQHGGDWHGDQGODEHOOHGGUDZLQJVZHUHREWDLQHGIRUWKHSXUSRVHRI DQDO\VLV
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7KHSDUWLFLSDQWV·FRSLHVZHUHVXSHULPSRVHGRQWKHRULJLQDOIRUDQLQLWLDOYLVXDOLVDWLRQRI WKH
DFFXUDF\RI WKHFRSLHV7KHQDFFXUDF\GDWDZDVREWDLQHGXVLQJWKHFXVWRPEXLOWVRIWZDUH
$FFXUDF\0HDVXUHV$0'DWDZDVREWDLQHGIRUHDFKWHVWPHDVXULQJDFFXUDF\RI DWKHZKROH
OLQHDQGEOLQHVHJPHQWVLQWZRV\VWHPVRQHÀQGLQJVSDWLDOFRRUGLQDWHVIRUODQGPDUNSRLQWV
LQUHODWLRQWRWKH[DQG\D[HVDQGWKHRWKHUPHDVXULQJGLVWDQFHVDORQJWKHOLQH7KHRULJLQDO
OLQHZDVDGUDZLQJE\WKHDXWKRURI DIDFHLQSURÀOH)RUWKHH[SHULPHQWLWZDVSUHVHQWHG
WXUQHGWKURXJKGHJUHHVVRXQUHFRJQLVDEOHDVDSURÀOH)RUDQDO\VLVLWZDVODEHOOHG
DFFRUGLQJWRWKHIHDWXUHVRI WKHSURÀOHLQRUGHUWRHDVLO\LGHQWLI\SRLQWV'XULQJWKHWHVWVWKH
OLQHZDVDOZD\VSUHVHQWHGKRUL]RQWDOO\ÀJ
0HWULFVZHUHFKRVHQWRHQDEOHFRPSDULVRQEHWZHHQWKHRULJLQDODQGFRSLHVÀJ
Data collection / procedure
%HIRUHFRQGXFWLQJWKHH[SHULPHQWGXULQJWKHSUHYLRXVZHHN,REVHUYHG(GZDUGV·GUDZLQJ
FRXUVHIRUÀYHGD\VDQGLQWHUYLHZHGVHYHUDORI KHUVWXGHQWV,QWKHZHHNRI WKHH[SHULPHQW
,WRRNWKHGUDZLQJFRXUVHP\VHOILQDJURXSRI WZHOYHVWXGHQWVLQFOXGLQJWKHWKUHHZKRP,
ZDVREVHUYLQJ,QDQWKURSRORJLFDOWHUPVP\UROHLQWKHÀUVWZHHNZDVWKDWRI ¶REVHUYHU·VHH
%HUQDUGDQGLQWKHVHFRQGZHHNRI ¶REVHUYLQJSDUWLFLSDQW·'DWDZDVFROOHFWHGXVLQJ
YLGHRDQGDXGLRUHFRUGLQJWKURXJKLQWHUYLHZVZLWKVWXGHQWVDQGWKHWHDFKHU%ULDQ%RPHLVOHU
(GZDUGV·VRQE\NHHSLQJORJVDQGGLDULHVDQGDVNLQJVWXGHQWVWRNHHSGLDULHV
2EVHUYDWLRQRI DQGSDUWLFLSDWLRQLQWKHGUDZLQJFRXUVHSURYLGHGEDFNJURXQGLQIRUPDWLRQDQG
DUHFRUGRI WKHWUDLQLQJDQGSUDFWLFHRI WKHWKUHHWHVWSDUWLFLSDQWVRQWKHFRXUVH
7RDXJPHQWWKHV\VWHPDWLFVWXG\WKHHQWLUHGD\GUDZLQJFRXUVHZDVUHFRUGHGRQDGLJLWDO
DXGLRUHFRUGHU7KHUHFRUGLQJLQFOXGHV%ULDQ%RPHLVOHU·VOHFWXUHVLQVWUXFWLRQVDGYLFHDQG
VWXGHQW·VFRPPHQWVDQGTXHVWLRQV3DUWLFLSDQWVZHUHLQWHUYLHZHGDWWKHHQGRI HDFKWHVW
UHJDUGLQJKRZWKH\IRXQGWKHWDVNDQGZKHWKHUWKH\HQFRXQWHUHGSDUWLFXODUSUREOHPVZLWKWKH
WDVN,QDGGLWLRQ,UHYLHZHG(GZDUGV·LQVWUXFWLRQDO'9'7KLVLVDVKRUWHQHGYHUVLRQRI WKH
GD\GUDZLQJFRXUVH
Interviewing
0\DLPZDVWRXVHLQWHUYLHZVWROLQNFRQVFLRXVH[SHULHQFHVRI GUDZLQJZLWKWKHGDWDIURPP\
H[SHULPHQWVDQGIURPFRJQLWLYHVFLHQFHUHVHDUFK(\HKDQGPRYHPHQWVFDQEHLQWHUSUHWHGLQ
WKHFRQWH[WRI ZKDWSHRSOHVD\DERXWGUDZLQJ7KHLQWHUYLHZVWULHGWRDVFHUWDLQPRUHDERXW
SDUWLFLSDQWV·GUDZLQJH[SHULHQFHDQGWKHLUDZDUHQHVVRI WKHLULQWHQWLRQVDQGVWUDWHJLHVGXULQJ
WKHWHVWVDQGLQWKHLUGUDZLQJSUDFWLFH
)LJ7LPHOLQHVXVHGWRDQDO\VHH\HDQGKDQGPRYHPHQWV3DUWLFLSDQW$GD\DERYH3DUWLFLSDQW$GD\
EHORZ
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,QUHVSRQVHWRZRUNLQJZLWK7FKDOHQNR,LQWURGXFHGLQWHUYLHZVZLWKKLVSDUWLFLSDQWVLQDQ
HIIRUWWRUHODWHWKHLUH[SHULHQFHRI GUDZLQJZLWKKLVSK\VLFDOÀQGLQJV:HERWKKDGTXHVWLRQV
IRUWKHSDUWLFLSDQWVDERXWWKHLUGUDZLQJH[SHULHQFHDQGVWUDWHJLHV²,IRUPDOLVHGWKLVLQWRD
QHZHOHPHQWRI KLVPHWKRGRORJ\HQDEOLQJWKHPDUU\LQJRI KLVH[SHULPHQWDOÀQGLQJVZLWK
DFFRXQWVRI KLVSDUWLFLSDQWV·FRQVFLRXVH[SHULHQFHRI WKHGUDZLQJSURFHVV
,VWXGLHGHPHUJLQJFRJQLWLYHVFLHQFHWHFKQLTXHVLQWKHVWXG\RI FRQVFLRXVQHVVZLWKDVLPLODU
LQWHUHVWLQFRQQHFWLQJFRQVFLRXVH[SHULHQFHRI DFWLRQZLWKREVHUYDWLRQRI WKDWDFWLRQ9DUHOD
DQG3HWLWRW3HWLWRWHWDOKDYHGHYHORSHGDWKHRUHWLFDOIUDPHZRUNEURDGO\UHIHUUHGWR
DVFRJQLWLYHSKHQRPHQRORJ\ZKLOH3HWLWPHQJLQKDVGHYHORSHGDUHÁHFWLYHLQWHUYLHZ
PHWKRGWRUHYHDODVSHFWVRI WKHVXEMHFW·VH[SHULHQFHWKDWWKH\ZHUHQRWFRQVFLRXVO\DZDUHRI
7KHREMHFWLYHLVWREULQJQHZDZDUHQHVVRI WKHGUDZLQJSURFHVVWRWKHSDUWLFLSDQWVQRWMXVWWR
WKHUHVHDUFKHUV1RWDEO\3HWLWPHQJLQDSSOLHGDQLQWHQVLYHFRJQLWLYH¶QHXURSKHQRPHQRORJLFDO·
PHWKRGLQLQWHUYLHZVZLWKHSLOHSV\SDWLHQWVGHPRQVWUDWLQJWKHHIÀFDF\RI WKLVPHWKRG
LQDYHU\SUDFWLFDOZD\SDWLHQWVZHUHIRXQGWREHEHWWHUDEOHWRSUHGLFWVHL]XUHRQVHWDIWHU
LQWHUYLHZVHVVLRQVZLWK3HWLWPHQJLQ
,DOVRORRNHGDW,QWHUSUHWLYH3KHQRPHQRORJLFDO$QDO\VLV,3$VHH6PLWK)ORZHUV	
/DUNLQDQGEHJDQWRGHYHORSLQWHUYLHZPHWKRGVWRH[DPLQHVXEMHFW·VFRQVFLRXVDQG
VXEFRQVFLRXVH[SHULHQFHRI WKHGUDZLQJSURFHVV,3$SURYLGHGDIUDPHZRUNIRUGHYHORSPHQW
RI WKHLQWHUYLHZPHWKRGGHVFULEHGKHUH6WHPPLQJIURPSV\FKRORJ\LWRIIHUVDSUDFWLFDO
PHWKRGRI TXDOLWDWLYHDQDO\VLVZLWKVLPLODUDLPVWRWKRVHRI FRJQLWLYHSKHQRPHQRORJ\EXW
ZLWKDOHVVLQWHQVLYHPRUHXVHDEOHIUDPHZRUNIRULQWHUYLHZV,QGHSWKLQWHUYLHZLQJWULHVWR
HQFRXUDJHUHÁHFWLRQE\SDUWLFLSDQWVRQPRWLYHVDQGDFWLRQ,WLVUHFRPPHQGHGIRUVPDOO
VDPSOHVDQGFDVHVWXGLHV,QWHUYLHZHHV·FRPPHQWVFDQRIWHQVXJJHVWQHZLGHDVDQGSRVVLEOH
DGMXVWPHQWVWRH[SHULPHQWGHVLJQDQGWHFKQLTXH,QDVLPLODUZD\7FKDOHQNREDVVHVVHG
KLVDQDO\WLFDOUHVXOWVDQGLQWHUSUHWDWLRQVDJDLQVWDÀOPRI 0DWLVVHGUDZLQJLQWKHOLJKWRI 
0DWLVVH·VRZQUHPDUNVDERXWKLVPHWKRG
,DOVRLQYHVWLJDWHGHWKQRJUDSKLFPHWKRGV%HUQDUGQRZFRPPRQO\XVHGLQSURGXFW
GHYHORSPHQWSHRSOHDUHÀOPHGFDUU\LQJRXWJRDORULHQWHGWDVNVDQGWKHQDVNHGWRZDWFK
WKHÀOPZLWKWKHUHVHDUFKHUDQGFRPPHQWRQWKHLUDFWLRQVVSHFLÀFDOO\WU\LQJWRUHPHPEHU
GHFLVLRQVWKH\PDGHDQGWKHLUFRQVFLRXVUDWLRQDOHIRUWKHLUEHKDYLRXU:DWFKLQJWKHPVHOYHV
LQDFWLRQFDQEULQJXSLQWHUHVWLQJLQVLJKWVDQGSRWHQWLDOO\OLNH3HWLWPHQJLQ·VPHWKRGUHYHDO
SUHYLRXVO\VXEFRQVFLRXVDZDUHQHVVDQGUHDVRQLQJ0\SUHOLPLQDU\WULDOVRI WKLVYLVXDO
HWKQRJUDSKLFPHWKRGLQ7FKDOHQNR·VODEVXJJHVWHGWKDWLWPD\EHDYHU\XVHIXOWHFKQLTXHIRU
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VKHGGLQJOLJKWRQHOHPHQWVRI GUDZLQJEHKDYLRXUDQGH[SHULHQFH3DUWLFLSDQWVDUHVKRZQWKH
WHVWLPDJHVDQGDVNHGZKDWWKH\UHPHPEHUDERXWWKHLUH[HFXWLRQRI WKHGUDZLQJWKHLUVWDUWLQJ
SRLQWGHFLVLRQVWKH\PDGHDUHDVWKH\IRXQGGLIÀFXOWHWF7KHQWKH\DUHVKRZQYLGHRIRRWDJH
RI WKHPVHOYHVFDUU\LQJRXWWKHGUDZLQJVDQGDVNHGVLPLODUTXHVWLRQVDERXWWKHSURFHVV,WLV
LQWHUHVWLQJWRFRPSDUHZKDWWKHVXEMHFWWKRXJKWWKH\GLGZLWKZKDWWKH\DFWXDOO\GLG7KLVFDQ
VKHGOLJKWRQWKHVXEMHFW·VSHUFHSWLRQRI WKHSURFHVVDQGWKHLUDZDUHQHVVRI WKHLUDSSURDFKWR
GUDZLQJDVZHOODVRQWKHSURFHVVLWVHOI
Lab interviews procedure
,QWHUYLHZVZHUHFRQGXFWHGLPPHGLDWHO\DIWHUH\HWUDFNLQJGUDZLQJWHVWVLQDQDGMDFHQWURRP
UHFRUGHGXVLQJD%266SURIHVVLRQDODXGLRUHFRUGHU7KHTXHVWLRQVDVNHGFRQFHUQHG
L/HYHORI GUDZLQJH[SHULHQFH
LL([HFXWLRQRI WDVNV7KHLULGHDVDERXWZK\WKH\IRXQGVSHFLÀFWDVNVKDUGHUHDVLHU
3DUWLFLSDQWVZHUHVKRZQFRSLHVRI WKHWHVWLPDJHVDQGDVNHGTXHVWLRQV
2ZLQJWRWLPHUHVWULFWLRQV,DGRSWHGWKHSULQFLSOHVLQIRUPLQJ3HWLWPHQJLQ·VPHWKRGEXW
FRQGXFWHGVKRUWHULQWHUYLHZVLQRUGHUWRJHQHUDWHDPDQDJHDEOHTXDQWLW\RI IRRWDJH,
UHVWULFWHGLQWHUYLHZVWRKDOI DQKRXUDVNLQJWKHVDPHVHWRI TXHVWLRQVWRHDFKVXEMHFWLQWKH
VDPHRUGHU
3DUWLFLSDQWVZHUHVKRZQWKHWHVWLPDJHVDQGDVNHGZKDWWKH\UHPHPEHUHGDERXWWKHLU
H[HFXWLRQRI WKHGUDZLQJWKHLUVWDUWLQJSRLQWGHFLVLRQVWKH\PDGHDUHDVWKH\IRXQGGLIÀFXOW
7KHVHZHUHFRQGXFWHGLPPHGLDWHO\DIWHUWKHWHVWV
7KHLQWHUYLHZVZHUHVWUXFWXUHGVRWKDWPXFKRI WKHGDWDFRXOGEHDQDO\VHGDQGFRPSDUHG
EHWZHHQSDUWLFLSDQWV$QDO\VLVDLPHGWRLGHQWLI\SDWWHUQVEHWZHHQSDUWLFLSDQWVDQGSRVVLEOH
OLQNVZLWKSDWWHUQVLQTXDQWLWDWLYHGDWD
3.4 Discussion
7KHPHWKRGRORJ\LVRIIHUHGDVDQDSSURSULDWHDQGSURGXFWLYHZD\WRVWXG\WKHRUFKHVWUDWLRQ
DQGDUWLFXODWLRQRI WKHERG\IRUREVHUYDWLRQDOGUDZLQJDQGLWVUROHLQHOXFLGDWLQJWKHFRPSOH[
UHODWLRQVKLSEHWZHHQSHUFHSWLRQDQGDFWLRQFRQWULEXWLRQVEHLQJORQJLWXGLQDOVWXG\PHWKRGV
LQWHUGLVFLSOLQDU\PHWKRGVDQGTXDQWLWDWLYHDFFXUDF\PHDVXUHV,QVXPPDU\WKHPHWKRGRORJ\
HQWDLOVDWWHQWLRQWRSDUWVDQGZKROHXVLQJGUDZLQJDQGVFLHQWLÀFH[SHULPHQWDWLRQ$V.DQGHO
REVHUYHVWKHUHLVDSODFHIRUUHGXFWLRQLVWDSSURDFKHVLQERWKVFLHQFHDQGDUW¶6FLHQFHVHHNV
WRXQGHUVWDQGFRPSOH[SURFHVVHVE\UHGXFLQJWKHPWRWKHLUHVVHQWLDODFWLRQVDQGVWXG\LQJWKH
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LQWHUSOD\RI WKHVHDFWLRQV²DQGWKLVUHGXFWLRQLVWDSSURDFKH[WHQGVWRDUWDVZHOO·.DQGHO
S[YLL7KHPHWKRGRORJ\VZLWFKHVEHWZHHQTXDQWLWDWLYHTXDOLWDWLYHDQGUHÁHFWLYH
PHWKRGVDQGEUHDNVSURFHVVHVLQWRHOHPHQWVDQGWKHQORRNVDWWKHELJJHUSLFWXUH'UDZLQJ
HQFRPSDVVHVDZLGHUDQJHRI SUDFWLFHVDQGVNLOOPDQLIHVWHGSK\VLFDOO\DQGFRJQLWLYHO\
0\YLHZIURPLQEHWZHHQGRPDLQVLVWKDWVFLHQWLÀFUHVHDUFKKDVGHYHORSHGVRPHXVHIXO
SURYLVLRQDOPRGHOVRI WKHSK\VLFVDQGFRJQLWLRQRI REVHUYDWLRQDOGUDZLQJ7KHVHQHHGIXUWKHU
HODERUDWLRQDQGWHVWLQJLQFOXGLQJVWXG\RI OHDUQLQJWRGUDZDQGPLFUROHYHOVWXGLHVRI EUDLQ
DFWLYLW\
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Chapter 4 Learning to draw 
4XDQWLWDWLYHVWXG\RI FKDQJHVLQGUDZLQJEHKDYLRXUDQGDFFXUDF\RI VWXGHQWVRQ%HWW\
(GZDUGV·GD\'UDZLQJ&RXUVH
4.1 Introduction
&KDQJHVLQEHKDYLRXUVSHFLÀFDOO\LQH\HKDQGLQWHUDFWLRQZHUHIRXQGLQWKUHHQRYLFHGUDZLQJ
VWXGHQWVDIWHUWKH\XQGHUWRRNDQLQWHQVLYHGD\REVHUYDWLRQDOGUDZLQJFRXUVH6WXGHQWVZHUH
ÀOPHGDQGLQWHUYLHZHGEHIRUHDQGDIWHUWUDLQLQJWRDVVHVVWKHLPSDFWRI GUDZLQJSUDFWLFH
)LQGLQJVVXSSRUWWKRVHRI 7FKDOHQNRDQG0LDOOZKRLGHQWLÀHGEHKDYLRXUDOGLIIHUHQFHV
EHWZHHQLQH[SHULHQFHGDQGH[SHULHQFHGGUDZHUV,QWKHSUHVHQWVWXG\LWZDVIRXQGWKDWDIWHU
GD\VRI GUDZLQJWUDLQLQJDQGSUDFWLFHVXEMHFWVWRRNORQJHUWRFRS\WKHVDPHRULJLQDOOLQH
GUDZLQJORRNHGEDFNDQGIRUWKEHWZHHQWKHRULJLQDODQGSDSHUPRUHRIWHQDQGVHJPHQWHG
WKHGUDZLQJLQWRPRUHDQGVKRUWHUOLQHVHJPHQWV6HJPHQWDWLRQZKLFKLVVXJJHVWHGE\
7FKDOHQNRDQG0LDOOWREHDNH\WRDFFXUDWHGUDZLQJRFFXUUHGPRUHRQGD\WKDQRQGD\
RI WUDLQLQJ6WXGHQWVSDXVHGPRUHDQGIRUORQJHU7FKDOHQNRKDVUHSRUWHGZKDWKHKDVFDOOHG
¶GUDZLQJEOLQG·GUDZLQJZKLOHH\HVZHUHRQWKHRULJLQDOQRWWKHSDSHU7KLVUDLVHVLQWHUHVWLQJ
TXHVWLRQVDERXWZKHQEOLQGGUDZLQJPD\EHDQDSSURSULDWHKDQGH\HVWUDWHJ\ZKHQXVHGLQ
FRQMXQFWLRQZLWKDVWUDWHJ\WRPRQLWRUWKHHPHUJLQJGUDZLQJRQWKHSDSHU%OLQGGUDZLQJ
XQGHUWDNHQE\SDUWLFLSDQWVLQWKLVFDVHVWXG\UDLVHVTXHVWLRQVDERXWZKHQWKHGUDZHUQHHGV
WRORRNDWWKHSDSHUDQGFKDOOHQJHVWKHFRQYHQWLRQDOYLHZWKDWGUDZLQJUHOLHVRQYLVXDO
PHPRU\DQGDWUDQVIHURI VQDSVKRWVRI YLVXDOLQIRUPDWLRQIURPWKHH\HDQGPHPRU\WRWKH
SDSHU$GHWDLOHGIUDPHE\IUDPHWHPSRUDODQDO\VLVRI YLGHRIRRWDJHUHYHDOHGWKDWSDUWLFLSDQW
$GHYHORSHGDGLVWLQFWLYHH\HKDQGLQWHUDFWLRQVHTXHQFHVLPLODUWR7FKDOHQNR·VPRGHORI 
H[SHUWFRS\LQJEHKDYLRXU7KLVWHPSRUDOSURÀOHRI H\HDQGKDQGLQWHUDFWLRQHPHUJHGDVWKH
PRVWLQWHUHVWLQJGDWDJHQHUDWHGE\WKHVWXG\OHDGLQJWRÀQGLQJVWKDWVXJJHVWDÀQHWXQLQJ
RI SKDVHVRI GUDZLQJDQGSDXVLQJDQGRI JD]HVEHWZHHQRULJLQDODQGSDSHU7KLVOHGWRWKH
GHYHORSPHQWRI DPRGHOIRUH[SORUDWLRQLQWKHGUDZLQJVWXGLRZKLFKLVGHWDLOHGLQ&KDSWHUV
DQG$GUDZLQJLQVWUXFWLRQPHWKRGZDVFUHDWHGLQIRUPHGE\WKHVHTXHVWLRQVDQGÀQGLQJV
DQGH[SORUHGLQGUDZLQJOHVVRQVDQGLQUHODWLRQWRUHFHQWFRJQLWLYHÀQGLQJVDERXWWKHUROHRI 
KDQGLQSHUFHSWLRQ
$VQRWHGLQWKHPHWKRGRORJ\&KDSWHUVRIWZDUHZDVGHVLJQHGWRDQDO\VHDFFXUDF\RI WKH
FRSLHV,QDOOWKUHHFDVHVDFFXUDF\LPSURYHGE\GD\1RWDEO\ZKHQFRPSDULQJWKHOHQJWKRI 
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SDUWLFLSDQWV·FRSLHGOLQHVZLWKWKHRULJLQDOOLQHSDUWLFLSDQW$DFKLHYHGDFFXUDF\WRWKH
QHDUHVWPPRQGD\
,QDGGLWLRQWRSURYLGLQJGDWDDQGÀQGLQJVIURPWKHWKUHHFDVHVWXGLHVWKHUHVHDUFKUHSUHVHQWV
DÀUVWVWHSLQGHYHORSLQJXVHIXOORQJLWXGLQDOPHWKRGVWRWUDFNEHKDYLRXUDODQGSHUFHSWXDO
FKDQJHVUHODWLQJWRREVHUYDWLRQDOGUDZLQJSUDFWLFH
6XPPDU\RI ÀQGLQJVIURPUHFHQWGUDZLQJ
research
7KHPHWKRGRORJ\IRUWKLVTXDQWLWDWLYHVWXG\LVRXWOLQHGLQWKHSUHYLRXVFKDSWHU$VH[SODLQHG
WKHVWXG\EXLOWRQ7FKDOHQNR·VÀQGLQJVDERXWQRYLFHDQGH[SHUWGUDZLQJEHKDYLRXUDQG
VRXJKWWRGHWHUPLQHZKHWKHUSUDFWLFHDQGRUWUDLQLQJZLOO\LHOGEHKDYLRXUVXSSRUWLQJKLV
H[SHUWSURÀOH7KHIRFXVRQPRYHPHQWVDQGWHPSRUDODQGVSDWLDOLQWHUDFWLRQZDVLQOLQHZLWK
WKHGLUHFWLRQRI WKHHPHUJLQJIRFXVRI WKHWKHVLVWKDWRI H[SORULQJREVHUYDEOHDFWLRQUDWKHU
WKDQFRJQLWLYHHIIHFWVDQGVWUDWHJLHV
%DVHGRQWKHLUVWXGLHV7FKDOHQNRDQG0LDOOGHYHORSHGWZRK\SRWKHVHVUHODWLQJWRH[SHUW
GUDZLQJEHKDYLRXU
$VHJPHQWDWLRQVWUDWHJ\LVDGRSWHGE\PRUHH[SHULHQFHGGUDZHUVZKHUHLQWKH\GUDZVKRUW
OHQJWKVRI OLQHVDQGV\VWHPDWLFDOO\EXLOGWKHPXSLQWRDGUDZLQJ
'UDZHUVHQFRGHVHJPHQWV¶WREHGUDZQ·LQWRPRWRUSODQVUDWKHUWKDQYLVXDOO\FDSWXULQJ
VHJPHQWVDQGWKHQGUDZLQJWKHPIURPYLVXDOPHPRU\
7KHÀUVWRI WKHVHÀQGLQJVDQG&RKHQ·VFODLPWKDWPRUHH[SHULHQFHGGUDZHUV¶ORRNOLWWOHORRN
RIWHQ·&RKHQ SURYLGHGWKHEDVLVRI WKHK\SRWKHVHVH[SORUHGLQWKHVWXG\GHVFULEHG
KHUH7KHVHFRQGÀQGLQJLVFRQVLGHUHGLQFKDSWHUVDQGLQWKHOLJKWRI WKHVHFDVHVWXGLHV
4.3 Hypotheses
%\GD\DQGFRPSDUHGWRGD\WKHIROORZLQJFKDQJHVZLOORFFXU
Times
7KHWLPH7VSHQWRQWKHWDVNZLOOKDYHLQFUHDVHG
7KHWLPHVSHQWGUDZLQJ'ZLOOKDYHLQFUHDVHG
7KHWLPHVSHQWQRWGUDZLQJ1'ZLOOKDYHLQFUHDVHG
7KHSURSRUWLRQRI WLPHVSHQWQRWGUDZLQJ1'7ZLOOKDYHLQFUHDVHG
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Line segments
OLQHVHJPHQWQXPEHU/ZLOOLQFUHDVH3DUWLFLSDQWVZLOOGUDZVKRUWHUOLQHVHJPHQWV
Rhythm and frequency
7KHQXPEHURI GZHOOVFRQWLQXRXVJD]HRQRULJLQDODQGSDSHUZLOOLQFUHDVH
Accuracy 
$FFXUDF\RI VKDSHRI VLPSOHOLQHVHJPHQWVZLOOQRWLPSURYH
$FFXUDF\RI DQJOHVEHWZHHQVLPSOHVHJPHQWVRI OLQHZLOOLPSURYH
,I VR
D3DUWLFLSDQWVZLOODFKLHYHDFFXUDF\RI VKDSHRI VHJPHQWVERWKRQGD\DQGGD\
E3DUWLFLSDQWVZLOODFKLHYHDKLJKHUOHYHORI UHODWLRQDODFFXUDF\RI VHJPHQWVRQGD\
FRPSDUHGWRGD\
7KHUHZDVDOVRWKHTXHVWLRQRI ZKHWKHUSDUWLFLSDQWV·EHKDYLRXUZRXOGÀWZLWKÀQGLQJVRI 
7FKDOHQNRLQWKHGLIIHUHQWVLWXDWLRQRI ¶GUDZLQJDWDGLVWDQFH·LHWKHRUJLQDODQGGUDZLQJ
ZHUHORFDWHGDGLVWDQFHIURPRQHDQRWKHUUHTXLULQJSDUWLFLSDQWWRWXUQWKHLUKHDGLQRUGHUWR
VZLWFKWKHLUJD]HEHWZHHQRULJLQDODQGWKHLUGUDZLQJDQGLI VRZKHWKHUDQ\FKDQJHVZRXOG
EHREVHUYHGEHWZHHQGD\WRGD\LQGLFDWLYHRI DQHZDSSURDFKWRWKHSUREOHPRI DFFXUDWH
FRS\LQJDQGGUDZLQJ
4.4 Results
7KHIROORZLQJUHVXOWVDUHIRUSDUWLFLSDQWV.1DQG$
6XPPDU\RI ÀQGLQJV
5HVXOWVVXSSRUWHGDOOWKHK\SRWKHVHVRI SUHGLFWHGFKDQJHV6HHÀJ
$OOWKUHHSDUWLFLSDQWVWRRNORQJHURQGD\WKDQGD\WRFRS\WKHRULJLQDOOLQHGUDZLQJ
RUFRPSDUDEOHVHFWLRQVRI WKHGUDZLQJ6HHÀJ0RVWQRWDEO\SDUWLFLSDQW.WRRN
VHFRQGVRQGD\DQGVHFRQGVRQGD\,QDOOFDVHVWKHUHZDVDQLQFUHDVHLQWKHWLPH
VSHQWQRWGUDZLQJ1'DQGLQWKHSURSRUWLRQRI WLPHVSHQWQRWGUDZLQJ1'7WKHPRVW
H[WUHPHFDVHEHLQJ.ZKRVHSURSRUWLRQRI WLPHVSHQWQRWGUDZLQJLQFUHDVHGE\
$OOORRNHGEDFNDQGIRUWKEHWZHHQWKHRULJLQDODQGSDSHUPRUHWLPHV )RUH[DPSOH.ORRNHG
DWWKHRULJLQDORQO\WLPHVRQGD\DQGWLPHVRQGD\
7KH\DOOEURNHXSWKHGUDZLQJLQWRPRUHDQGVKRUWHUOLQHVHJPHQWV)RUH[DPSOHSDUWLFLSDQW
$GUHZVHJPHQWVRQGD\FRPSDUHGZLWKRQGD\6HHÀJ
Hypothesis Hypothesis
supported  
y / n
Participant K N A K N A
T Total time spent 486% 230% 142% 1 Increase y y y
D Time spent drawing 244% 215% 113% 2 Increase y y y
ND Total time spent not drawing (pausing) 1425% 296% 219% 3 Increase y y y
ND/T Proportion of time spent not drawing 286% 126% 154% 4 Increase y y y
D/T Proportion of time spent drawing 51% 94% 79%
)LJ:LWKLQVXEMHFWFKDQJHVLQWLPHVVSHQWGUDZLQJDQGQRWGUDZLQJGD\LQUHODWLRQWRGD\IRUSDUWLFLSDQWV
.1	$
Participant K N A K N A
Day Day 0 Day 0 Day 0 Day 5 Day 5 Day 5
T Total time 9.36 10.80 27.68 45.48 24.80 39.44
D Time drawing 7.44 8.80 19.96 18.12 18.88 22.56
ND Time not drawing 1.92 2.009 7.72 27.36 5.92 16.88
O Eye on original 4.96 7.76 14.72 23.20 14.88 18.96
P Eye on paper 4.40 3.04 12.96 22.28 9.92 20.48
Do Drawing, eye on original 38.84 5.96 10.52 3.68 9.68 8.20
Dp Drawing, eye on paper 3.60 2.84 9.44 14.44 9.20 14.36
)LJ7LPHVIRUSDUWLFLSDQWV.1	$LQVHFRQGV
Participant K N A
Day Day 0 Day 5 Day 0 Day 5 Day 0 Day 5
DW o Dwells on O 3 11 5 10 11 12
DW p Dwells on P 4 9 5 11 12 13
L Number of segments drawn 3 10 4 6 9 15
)LJ1XPEHUVRI GZHOOVRQRULJLQDODQGSDSHUDQGQXPEHUVRI OLQHVHJPHQWVGUDZQIRUSDUWLFLSDQWV.1	
$
Participant K N A K N A
Day Day 0 Day 0 Day 0 Day 5 Day 5 Day 5
D/T Proportion of time spent drawing 0.79 0.81 0.72 0.40 0.76 0.57
ND/T Proportion of time spent not drawing 0.21 0.19 0.28 0.60 0.24 0.43
Do/O Drawing, eye on original as proportion of time 
with eye on original
0.77 0.77 0.71 0.16 0.65 0.43
Dp/P Drawing, eye on paper as proportion of time with 
eye on paper
0.82 0.93 0.73 0.65 0.93 0.70
Do/T Drawing, eye on original as proportion of total 
time
0.41 0.55 0.38 0.08 0.39 0.21
Do/D Drawing, eye on original as proportion of time 
drawing
0.52 0.68 0.53 0.20 0.51 0.36
Dp/D Drawing, eye on paper as proportion of time 
drawing
0.48 0.32 0.47 0.80 0.49 0.64
O/T Eye on original as proportion of total time 0.53 0.72 0.53 0.51 0.60 0.48
P/T Eye on paper as proportion of total time 0.47 0.28 0.47 0.49 0.40 0.52
)LJ5HODWLRQDOGDWDIRUSDUWLFLSDQWV.1	$
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,QWKHWKUHHFDVHVDFFXUDF\LPSURYHGE\GD\6HHÀJ&RPSDULQJWKHOHQJWKRI FRSLHG
OLQHVZLWKWKHRULJLQDOOLQHSDUWLFLSDQW$DFKLHYHGDFFXUDF\WRQHDUHVWPPRQGD\
ZLWKWKHOHQJWKEHLQJWKHVDPHDVWKHRULJLQDOPP2QGD\SDUWLFLSDQW$·VFRS\
PHDVXUHGPP7KH\DOOSDXVHGPRUHRIWHQDQGIRUORQJHU6HHÀJ
,QWHUHVWLQJO\SDUWLFLSDQWV$DQG.ERWKFKDQJHGWKHLUH\HKDQGEHKDYLRXUPRUHDQGWKHLU
DFFXUDF\LPSURYHGPRUHWKDQSDUWLFLSDQW1)URPREVHUYDWLRQRI WKHVXSHULPSRVHGFRSLHV
ÀJ1·VFRS\RQGD\DSSHDUVPRUHVLPLODUWRKHURZQFRS\RQGD\WKDQWRWKHRULJLQDO
+HUGZHOOQXPEHUVLQFUHDVHGEXWVKHRQO\GUHZOLQHVHJPHQWVRQGD\FRPSDUHGWR
VHJPHQWVRQGD\7KHUHIRUHWKHUHVXOWVVXSSRUWWKHK\SRWKHVLVWKDWVHJPHQWLQJWKHOLQHLQWR
PRUHVHJPHQWVPD\EHDNH\VWUDWHJ\IRUDFFXUDF\
4.4.2 Temporal
Time Drawing / Not Drawing (Pausing)
6HHÀJV	
7RWDOWDVNWLPH7WLPHVSHQWGUDZLQJ'DQGWLPHVSHQWQRWGUDZLQJ1'LQFUHDVHGLQDOO
SDUWLFLSDQWVK\SRWKHVHVDQG
,QDOOFDVHVWKHSURSRUWLRQRI WLPHVSHQWQRWGUDZLQJ1'7LQFUHDVHGPRVWH[WUHPHEHLQJ
.ZKHUHWKHLQFUHDVHZDV K\SRWKHVHVDQG
Rhythm
7KHUHZHUHLQFUHDVHVLQQXPEHURI GZHOOVRQRULJLQDODQGSDSHULQDOOFDVHVDOWKRXJKRQO\E\
GZHOOLQSDUWLFLSDQW$6HHÀJK\SRWKHVLV
4.4.3 Spatial
Segmentation 
6HHÀJ$OOSDUWLFLSDQWVEURNHWKHGUDZLQJXSLQWRPRUHDQGVKRUWHUOLQHVHJPHQWV/
K\SRWKHVLV
Accuracy measures 
6HHÀJ$OOSDUWLFLSDQWVVLJQLÀFDQWO\LPSURYHGDFFXUDF\RI OLQHOHQJWKRQGD\ZLWK1
LPSURYLQJWKHOHDVW
,WVKRXOGEHQRWHGWKDWWKHRULJLQDOOLQHEHJDQDQGHQGHGDWWKHHQGRI WKHVKHHWRI SDSHUVR
LWLVQRWVXUSULVLQJWKDWWKHSDUWLFLSDQW·VOLQHVPDWFKHGWKHRULJLQDOLQWHUPVRI [FRRUGLQDWHV
RQWKHSDJH
Line Original Copy 
 by A
Copy 
by A
Copy 
by K
Copy 
by K
Copy 
by N
Copy
by N
Day 0 Day 5 Day 0 Day 5 Day 0 Day 5
Length 
of line 
in mms
435.50 519.48 435.50 521.30 465.66 602.94 523.64
)LJ$FFXUDF\PHDVXUHV/HQJWKRI OLQHVLQPPVRI WKHRULJLQDODQGRI SDUWLFLSDQWV·FRSLHVRQGD\DQG
GD\
27.68 s
9.36 s
39.44 s
45.48 s
10.80 s
24.80 s
Time drawing D (secs)
Time drawing ND (secs)
)LJ7RWDOWLPHGUDZLQJ'DQGQRWGUDZLQJ1'IRUSDUWLFLSDQWV.1	$
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+\SRWKHVLVWKDWDFFXUDF\RI VKDSHRI VLPSOHOLQHVHJPHQWVZLOOQRWLPSURYHZDVQRW
DVVHVVDEOHDVLWZDVQRWSRVVLEOHWRLGHQWLI\OLQHVHJPHQWVZLWKLQWKHRULJLQDODQGGUDZLQJVWR
FRPSDUH
6HHDSSHQGLFHVDWRRIRUGHWDLOVRI FRPSXWDWLRQDODQDO\VLVRI DFFXUDF\RI OLQH
SURSRUWLRQVEHWZHHQVHOHFWHGSRLQWVRQWKHOLQH
4.4.4 Relationships between temporal and spatial behaviour
Blind drawing
6HHÀJ%OLQGGUDZLQJ'RGHFUHDVHGDVDSURSRUWLRQRI WRWDOWLPHVSHQW'R7DQG
RI WLPHVSHQWGUDZLQJ'R'IRUDOOSDUWLFLSDQWV.·VPHWKRGFKDQJHGGUDPDWLFDOO\WKH
SURSRUWLRQRI EOLQGGUDZLQJLQUHODWLRQWRWKHWRWDOWLPHVSHQWGURSSLQJIURPWR
IURPGD\WRGD\DQGDVDSURSRUWLRQRI WLPHVSHQWGUDZLQJIURPWRGD\WR
GD\+RZHYHUIRU1WKHSURSRUWLRQRI EOLQGGUDZLQJUHPDLQHGKLJK7FKDOHQNR·VUHFHQW
ÀQGLQJV7FKDOHQNRHWDOLQSUHVVVXJJHVWWKDWEOLQGGUDZLQJLVDVWUDWHJ\IUHTXHQWO\
XVHGE\H[SHUWGUDZHUVHVSHFLDOO\ZKHQGUDZLQJIURPOLIHDQGIRUPRUHFRPSOH[LPDJHV
Rhythm
6HHÀJ
7KHQXPEHURI GZHOOVRQWKHSDSHUDQGWKHRULJLQDOVKRZWKDWDOOSDUWLFLSDQWVORRNHGDWWKH
RULJLQDOPRUHWLPHVDQGORRNHGEDFNDQGIRUWKEHWZHHQWKHRULJLQDODQGSDSHUPRUHWLPHVLQ
VXSSRUWRI &RKHQ·V¶ORRNRIWHQ·ÀQGLQJK\SRWKHVLV
Participant A case study 
6HHÀJV	6HH DSSHQGLFHVUDQGVIRUWKHRULJLQDOYLGHRIRRWDJHRI SDUWLFLSDQW$
RQGD\DQGGD\
'HWDLOHGIUDPHE\IUDPHREVHUYDWLRQDODQDO\VLVRI WKHYLGHRIRRWDJHZDVPDGHIRUSDUWLFSDQW
$$ZDVFKRVHQIRUWKLVVWDJHRI VWXG\DVGHVSLWHVRPHDVSHFWVRI WKHGDWDDQDO\VLVUHYHDOLQJ
OLWWOHFKDQJHIRUH[DPSOHWKHQXPEHURI GZHOOVRQO\LQFUHDVHGE\RQGD\UHYLHZLQJWKH
WLPHOLQHIRUSDWWHUQVRI LQWHUDFWLRQUHYHDOHGPDUNHGGLIIHUHQFHVLQWHPSRUDOVHTXHQFHVRI 
GUDZLQJQRWGUDZLQJORRNLQJIURPRULJLQDOWRSDSHU2QGD\$FDQEHVHHQWREHSDXVLQJ
PRUHDQGIRUORQJHUEHWZHHQSKDVHVRI GUDZLQJ7KHPHDQWLPHGUDZLQJSHUOLQHVHJPHQW
GHFUHDVHGE\IURPVWRV7KHQXPEHURI VHJPHQWVGUDZQLQFUHDVHGIURPWR

$WWKHVDPHSRLQWRQGD\DQGGD\$·VSHQJRWVWXFNWRWKHSDJH7KLVOHGWRH[WUDORQJ
)LJ$FFXUDF\PHDVXULQJ7KHSDUWLFLSDQWV·GUDZLQJVGVXSHULPSRVHGRQRULJLQDOR
$GD\
.GD\
1GD\
$GD\
.GD\
1GD\
d
d
d
d
d
d
R
R
RR
RR
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SDXVHVDWWKHVHSRLQWVDIWHUOLQHVHJPHQWVDQGRQGD\DQGGD\UHVSHFWLYHO\:LWKWKH
GDWDDGMXVWHGWRUHPRYHWKHVHUHVSHFWLYH¶VWXFN·SDXVHVLHIRUGD\VVIRUGD\
$·VPHDQOHQJWKRI SDXVHRQGD\ZDVVDQGRQGD\ZDVV
$SDXVHZDVGHÀQHGDVYLGHRIUDPHVVHFRQGVZLWKRXWGUDZLQJ$·VSDXVHVZHUH
VKRUWHURQGD\WKDQRQGD\JLYLQJWKHLPSUHVVLRQRQGD\RI FRQWLQXRXVGUDZLQJZKHQ
YLHZHGLQUHDOWLPHLQWKHYLGHRIRRWDJH3DXVHVZHUHLGHQWLÀHGRQWKHGUDZLQJVE\LQNVSRWV
ZKHUHWKHSHQSDXVHG+RZHYHUZKHQWKHGDWDZDVUHFDOLEUDWHGWRGHÀQHDSDXVHDVî
VHFRPGUDWKHUWKDQïVHFRQGIRU$GD\KDGRQO\OLQHVHJPHQWVDQGRQO\SDXVHVRQHRI 
ZKLFKZDVZKHQWKHSHQVWXFNRQWKHSDSHUIRUDSSUR[LPDWHO\îVHFRQGVGD\XQGHUWKLV
GHÀQLWLRQKDGVHJPHQWVDQGSDXVHV
)RU$RQGD\DSDWWHUQRI GUDZLQJDQGWKHQSDXVLQJZDVLGHQWLÀDEOHIURPWKHYLGHRIRRWDJH
DQGWLPHOLQHVDQGUHSUHVHQWHGDGLVWLQFWFKDQJHIURPZKDWZDVKDSSHQLQJRQGD\)URP
REVHUYDWLRQRI WKHYLGHR$·VSDXVLQJEHKDYLRXUZDVREVHUYHGWREHPDUNHGO\GLIIHUHQWZLWK
SDXVHVGLYLGHGEHWZHHQWLPHVORRNLQJDWWKHSDSHUDQGRULJLQDODQGVSDFHGEHWZHHQSKDVHVRI 
GUDZLQJ
4.5 Discussion
Changes in behaviour
7KHUHVXOWVZKLFKVXSSRUWDOOWKHK\SRWKHVHVLQGLFDWHWKDWVLJQLÀFDQWFKDQJHVLQEHKDYLRXU
RFFXUUHGLQDOOWKHSDUWLFLSDQWVDIWHURQO\GD\VRI WUDLQLQJDQGSUDFWLFH7KHVHFKDQJHVÀW
ZLWK7FKDOHQNRDQG0LDOO·VÀQGLQJVUHSRUWHGDWWKHWLPHRI GHVLJQRI WKLVVWXG\EXWVHHEHORZ
IRUVXEVHTXHQWÀQGLQJVWKXVGHPRQVWUDWLQJUHSOLFDWLRQIRUDFRQGLWLRQZKHUHWKLVFRS\LQJ
LQYROYHVPRYLQJIURPRQHÀHOGRI YLHZWRDQRWKHU$OOWKHVWXGHQWVZURWHLQWKHLUGLDULHV
WKDWWKH\ZHUH¶VHHLQJWKLQJVGLIIHUHQWO\·VRPHJRLQJLQWRPRUHGHWDLODERXWH[DFWO\KRZ
WKLVPDQLIHVWHGLWVHOI7KHUHVXOWVIURPWKLVVWXG\VXJJHVWWKDWWKHVWXGHQWVWRRNDÀUVWVWHS
WRZDUGVDFTXLULQJDSDUWLFXODUZD\RI ORRNLQJIRUGUDZLQJ
&KDQJHVRFFXUUHGLQWKHQXPEHURI GZHOOVRQWKHSDSHUDQGRULJLQDOWKHQXPEHURI OLQH
VHJPHQWVGUDZQWLPHVSHQWGUDZLQJWLPHVSHQWQRWGUDZLQJWLPHVSHQWZLWKH\HRQRULJLQDO
DQGH\HRQSDSHUVORZHUGUDZLQJVSHHGVDQGLQDFFXUDF\RI FRS\LQJ
What these changes mean
7KHODUJHVWFKDQJHVZHUHLQWRWDOWLPHVVSHQWGUDZLQJDQGQRWGUDZLQJ$QRWKHUFUXFLDO
)LJ7LPHOLQHVVKRZLQJYLGHRHGLWLQJLQWREHKDYLRXUV'RGUDZLQJZKLOHH\HRQRULJLQDO'SGUDZLQJZKLOH
H\HSDSHU1'RQRWGUDZLQJZKLOHH\HRQRULJLQDO1'SQRWQRWGUDZLQJZKLOHH\HRQGUDZLQJZKLOHH\HRQ
RULJLQDOIRUSDUWLFLSDQW$GD\DQGGD\
3DUWLFLSDQW$GD\
3DUWLFLSDQW$GD\
3DUWLFLSDQW$GD\
3DUWLFLSDQW$GD\
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HOHPHQWVHHPVWREHWKHWHPSRUDOUK\WKPDQGLQWHUDFWLRQEHWZHHQSKDVHVRI H\HDQGKDQG
PRYHPHQWDQGEHWZHHQGUDZLQJDQGSDXVLQJWLPHVSHQWORRNLQJDWWKHRULJLQDODQGWKHSDSHU
DUHRUJDQLVHGLQF\FOHVZLWKWKHGUDZLQJDFWLRQ3DUWLFLSDQW$·VGDWDUHYHDOHGGHWDLOVRI WKHVH
WHPSRUDODVSHFWVQRWDEO\WKHSXQFWXDWLRQRI GUDZLQJZLWKIUHTXHQWSDXVHV7KHVHPRUH
KLGGHQFKDQJHVLQDSSURDFKPD\EHWKHPRVWVLJQLÀFDQWLQWHUPVRI LPSURYHPHQWLQGUDZLQJ
VNLOO7KHVHLQVLJKWVLQIRUPHGWKHGHYHORSPHQWRI DWHDFKLQJPHWKRGEDVHGRQWUDLQLQJ
VWXGHQWVWRPRYHLQWKLVZD\VXSSRUWHGE\YHUEDOH[SODQDWLRQVDERXWYLVXRPRWRUSURFHVVHV
DQGLQIRUPDWLRQDERXWZKDWH[SHUWVGRGLIIHUHQWO\LQRUGHUWRGUDZDFFXUDWHO\&KDSWHU
GHVFULEHVWKLVGHYHORSPHQWDQGKRZWKHVHÀQGLQJVFRQWULEXWHGWRDSUDFWLFDOVFLHQWLÀFDOO\
LQIRUPHGGUDZLQJPHWKRG
7KHUHVXOWVVKRZVLPLODUUDWLRVRQGD\DQGGD\EHWZHHQORRNLQJDWWKHRULJLQDODQGWKH
SDSHU7KLVÀQGLQJFDQQRWEHFRPSDUHGZLWK7FKDOHQNR·VÀQGLQJVDVKHUHSDUWLFLSDQWVZHUH
DOORZHGWRFRUUHFWOLQHVDVWKH\GUHZ7KLVPD\KDYHOHGWKHPWRORRNEDFNDQGIRUWKPRUH
EHWZHHQWKHRULJLQDODQGSDSHUWRFKHFNGUDZQOLQHVDQGFRQVHTXHQWO\PRUHWUDQVLWLRQV
EHWZHHQSDSHUDQGRULJLQDOFRPSDUHGZLWK7FKDOHQNR·VSDUWLFLSDQWV7KLVPHDQVWKDWJODQFHV
WRWKHRULJLQDOFDQQRWEHDVVXPHGWREHFDSWXULQJYLVXDOLQIRUPDWLRQDERXWWKHQH[WOLQH
VHJPHQWWREHGUDZQ7KHPHWKRGGRHVQRWSURYLGHLQIRUPDWLRQRQWKHIXQFWLRQRI À[DWLRQV
VRDWWKLVVWDJHZHGRQRWNQRZZK\WKHSDUWLFLSDQWVZHUHORRNLQJDWREMHFWRUSDSHU,WLV
SRVVLEOHWKDWWKHLUEHKDYLRXUKDGFKDQJHGE\GD\DQGWKDWJODQFHVWRWKHSDSHUDQGRULJLQDO
VHUYHGGLIIHUHQWSXUSRVHVIRUH[DPSOHWRDVVHVVDQGFRPSDUHOLQHV6HH&KDSWHUIRU
FRQVLGHUDWLRQRI DVVHVVPHQWDQGIHHGEDFNSURFHVVHVDQGIRUIXUWKHUGLVFXVVLRQRI WKHUROHRI 
¶KDQGDORQH·EOLQGGUDZLQJ
The role of  pausing and segmentation
2QHRI WKHPDLQFKDQJHVZDVLQFUHDVHGVHJPHQWDWLRQLHGUDZLQJVKRUWHUVHJPHQWVRI OLQHV
$·VDSSURDFKFKDQJHGIURPXVLQJDOPRVWFRQWLQXRXVGUDZLQJRQGD\WRSDXVLQJIRUORQJHU
EHWZHHQVHJPHQWVRQGD\
$OOSDUWLFLSDQWVSDXVHGPRUHLQWRWDOGXULQJWKHH[HFXWLRQRI WKHGUDZLQJ7KLVÀQGLQJLV
RI LQWHUHVWRIIHULQJVXJJHVWLRQVRI KRZUK\WKPWLPLQJDQGV\QFKURQLVDWLRQPD\IDFLOLWDWH
DFFXUDF\'XULQJSDXVLQJWKHSDUWLFLSDQWVORRNDWWKHRULJLQDODQGWKHSDSHU7KHWRWDODPRXQW
RI WLPHVSHQWSDXVLQJPD\UHSUHVHQWPRUHWLPHWRSODQDQGDVVHVVWKHGUDZLQJVLJQLÀFDQWO\
FRQWULEXWLQJWRDFFXUDF\KRZHYHULWLVQRWSRVVLEOHWRDVFHUWDLQZK\WKHSDUWLFLSDQWVDUH
SDXVLQJLHWKHUROHRI WKHSDXVH3DUWLFLSDQWVPD\KDYHKDGDQH[WUDQHRXVUHDVRQIRU
DAY0 DAY5
Timecode 
(in secs)
Timecode 
(in secs)
Duration 
(in secs)
Duration 
(in secs)
Timecode 
(in secs)
Timecode 
(in secs)
Duration 
(in secs)
Duration 
(in secs)
              
LINE
Segment 
number
start time end time drawing pause start time end time drawing pause
1 0 6.12 6.12 0.28 0 0.88 0.88 1.92
2 6.4 8.12 1.72 0.44 2.8 4.4 1.6 1.08
3 8.56 9.76 1.2 4.8 5.48 6.56 1.08 0.64
4 14.56 18.2 3.64 0.76 7.2 8.96 1.76 2.36
5 18.96 20.68 1.72 0.28 11.32 13.2 1.88 0.6
6 20.96 22.44 1.48 0.28 13.8 13.92 0.12 0.84
7 22.72 24.2 1.48 0.44 14.76 15.28 0.52 0.28
8 24.64 25.16 0.52 0.44 15.56 16.56 1 3.72
9 25.6 27.68 2.08 20.28 20.96 0.68 0.52
10 21.48 22.08 0.6 0.36
11 22.44 24.32 1.88 2.04
12 26.36 27.92 1.56 0.76
13 28.68 29.68 1 1.08
14 30.76 36.32 5.56 0.68
15 37 39.44 2.44
19.96 7.72 22.56 16.88 total
2.22 0.97 1.504 1.21 mean
2.92 13.16 adjusted 
total *
0.42 1.01 adjusted 
mean **
* total time minus pause no. 3 (4.8 secs) for day0 and pause no. 8 (3.72 secs) for day5
** mean time calculated from adjusted total
)LJ3DUWLFLSDQW$'DWDIURPIUDPHE\IUDPHDQDO\VLVRI YLGHRIRRWDJHRI VWDUWDQGHQGSRLQWRI HDFKOLQH
VHJPHQWGUDZQDQGRI VWDUWDQGHQGSRLQWRI HDFKSDXVH
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SDXVLQJZKLFKPD\EHXQUHODWHGWRWKHRYHUDOO¶JRDO·RI WKHEHKDYLRXU:HFDQQRWNQRZ
IURPWKHVHÀQGLQJVZKDWLVKDSSHQLQJFRJQLWLYHO\GXULQJWKHSDXVHVEXWZHFDQUHODWHWKH
GDWDWR7FKDOHQNR·VÀQGLQJVZKHUHH[SHUWVEHJLQWRGHYHORSJD]HUK\WKPVZLWKORQJHU
SDXVHVEHWZHHQGUDZLQJSKDVHV7KHGHYHORSPHQWRI ORQJHUSDXVHVSURPSWVTXHVWLRQVDERXW
FRJQLWLYHDFWLYLW\GXULQJSDXVHVDQGWKHLQWHUDFWLRQEHWZHHQGUDZLQJSDXVLQJSODQQLQJ
H[HFXWLQJDQGDVVHVVLQJ7KHVHDUHIXUWKHUH[SORUHGLQWKHQH[WFKDSWHUVZLWKWKHGHYHORSPHQW
RI DGUDZLQJLQVWUXFWLRQWKDWVHSDUDWHVH[HFXWLYHGUDZLQJDQGDVVHVVPHQWSDXVLQJSKDVHV
RI GUDZLQJDQGFRXOGEHXVHGIRUIXWXUHTXDQWLWDWLYHVWXG\RI WKHGUDZLQJSURFHVV
Accuracy
5HVXOWVIURPWKHDQDO\VLVRI GUDZLQJDFFXUDF\VXJJHVWWKDWDOOSDUWLFLSDQWVLPSURYHGLQ
DFFXUDF\LQWHUPVRI VSDWLDOSRVLWLRQRI WKHOLQHRQWKHSDJHWKHOHQJWKRI WKHOLQHDQGZLWKLQ
WKHOLQHLWVHOILHLQWHUQDOSURSRUWLRQV6HHDSSHQGLFHVDWRR+RZHYHUDWWKLVVWDJHLWZDV
KDUGWRDVFHUWDLQOHYHOVRI LPSURYHPHQWIURPDQDO\VLVRI WKHDQJOHVEHWZHHQVHJPHQWV)LUVWO\
LWSURYHGGLIÀFXOWWRORFDWHFRPSDUDEOHOLQHVHJPHQWVZLWKLQWKHFRSLHVDQGWKHRULJLQDODQG
DQJOHVRI OLQHVZHUHKDUGWRDVVHVVDVWKHUHZDVPXFKYDULDWLRQZLWKLQHDFKVHJPHQW7KHUH
ZHUHQRÀQGLQJVWRVXJJHVWWKDWDFFXUDF\RI DQJOHVRQWKHSDJHLPSURYHGRYHUDOOE\GD\
The role of  blind drawing
6LQFHWKLVUHVHDUFKZDVFDUULHGRXWLQ-XO\7FKDOHQNRKDVH[SORUHGEOLQGGUDZLQJ
IXUWKHUDQGKLVÀQGLQJVVXJJHVWWKDWEOLQGGUDZLQJSUHYLRXVO\WKRXJKWWREHDQLQGLFDWRURI 
ODFNRI GUDZLQJH[SHULHQFH7FKDOHQNRHWDOLQSUHVVLVLQIDFWRIWHQDQH[SHUWVWUDWHJ\
XVHGPRUHIRUPRUHFRPSOH[RULJLQDOVVXEMHFWPDWWHU+LVÀQGLQJVXSWR-XO\KDG
QRWVXJJHVWHGWKDWDQLQFUHDVHGDPRXQWRI EOLQGGUDZLQJVLJQLÀHGH[SHUWLVH$OWKRXJKWKH
DFFXUDF\PHDVXUHVVKRZWKDW$DQG.LPSURYHGWKHLUDFFXUDF\VLJQLÀFDQWO\LWUHPDLQVWREH
GHWHUPLQHGKRZDQGZK\SDUWLFXODUFKDQJHVRI EHKDYLRXUPD\DIIHFWDFFXUDF\RI GUDZLQJ,Q
WKLVWHVWFDVHWKHFRS\LQJRI DFRPSOH[VLQJOHFRQWLQXRXVOLQHDSURSRUWLRQRI EOLQGGUDZLQJ
PD\EHDQDSSURSULDWHPHWKRG$OORI WKHSDUWLFLSDQWVHPSOR\HGWKLVVWUDWHJ\ERWKRQGD\
DQGGD\DOWKRXJKEOLQGGUDZLQJGHFUHDVHGDVDSURSRUWLRQRI WLPHGUDZLQJIRU$DQG.
3DUWLFLSDQW1FRQWLQXHGWRXVHDKLJKSURSRUWLRQRI EOLQGGUDZLQJRQGD\$VH[SODLQHGWKLV
ÀQGLQJSURPSWHGIXUWKHUH[SORUDWLRQLQWKHGUDZLQJVWXGLRRI EOLQGGUDZLQJDVDQDSSURSULDWH
VWUDWHJ\
7FKDOHQNRVXJJHVWVWKDWLQFUHDVHGEOLQGGUDZLQJE\H[SHUWVLQPRUHFRPSOH[GUDZLQJWDVNV
PD\EHGXHWRWKHFRJQLWLYHUHTXLUHPHQWWR¶ÀQGOLQHV·LQUHDOOLIHFRPSOH[VFHQHPHDQLQJWKDW
)LJ'UDZLQJE\SDUWLFLSDQW$RQGD\LQNSRROVUHYHDOSDXVHVLQGUDZLQJDFWLRQ
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PRUHWLPHPXVWEHVSHQWDQDO\VLQJWKHRULJLQDO7KLVPD\HQWDLO¶ORFNLQJ·WKHH\HRQWRDOLQH
RQHKDVFKRVHQDQGNHHSLQJRQH·VH\HRQLWZKLOHGUDZLQJ7KHDUJXPHQWLVSDUDGR[LFDOLQRQH
ZD\DVLWLVDUJXHGWKDWRQHKDVWRNHHSRQH·VH\HRQDOLQHWKDWSHUKDSVGRHVQ·WH[LVW+RZHYHU
LWFDQEHDUJXHGWKDWWKLVLVDOOWKHPRUHQHFHVVDU\EHFDXVHWKHOLQHLVHOXVLYHDQGPD\EHORVWLI 
WKHREVHUYHUWDNHVWKHLUH\HRII LW7KHVHOLQHVPD\EHVXEWOHGHPDUFDWLRQVRI OLJKWDQGVKDGH
DQGREMHFWFRQWRXUV
:LWKLQD'R'S1'S1'RPRGHOGUDZEOLQGGUDZZLWKH\HRQSDSHUSDXVHZKLOHORRNLQJ
DWWKHSDSHUSDXVHZKLOHORRNLQJDWWKHRULJLQDOWKHGUDZHUZLOORQO\PRYHWKHH\HWRWKH
SDSHURQFHWKHOLQHLVDOPRVWGUDZQLQRUGHUWRPRQLWRULWVHQGSRLQWRQWKHSDSHU:KLOH
DOOSDUWLFLSDQWVXVHGEOLQGGUDZLQJRQGD\DQGGD\WKHGLIIHUHQFHVVHHPWREHWKDWRQ
GD\$DQG.FRPELQHG'REOLQGGUDZLQJZLWKSKDVHVRI 1'QRWGUDZLQJDQGEHJDQWR
V\QFKURQLVH'REOLQGGUDZLQJZLWK'SGUDZLQJZKLOHORRNLQJDWWKHSDSHU
2QDFRXSOHRI RFFDVVLRQV$DGRSWVDVHTXHQFHRI À[DWLRQW\SHVFORVHWRWKHH[SHUWPRGHO
ZLWKVRPHEOLQGGUDZLQJIROORZHGLPPHGLDWHO\E\DSKDVHRI GUDZLQJZKLOHORRNLQJDWWKH
SDSHUDQGWKHQIROORZHGE\DSKDVHRI QRWGUDZLQJDSDXVHIRUH[DPSOH'R'S1'RRU
1'R'R'S1'S7KHSDWWHUQ1'R'R'S1'SHQWDLOV/RRNLQJDWWKHRULJLQDOEHIRUH
VWDUWLQJWRGUDZDVHJPHQW1'R'UDZLQJEOLQG'R6KLIWLQJWKHJD]HWRWKHSDSHUWR
FRPSOHWHWKHOLQHVHJPHQW'S5HYLHZLQJWKHOLQHRQWKHSDSHU1'SVHHÀJ
7KHHPHUJLQJPRGHOLVWKDWDFFXUDWHGUDZLQJGHSHQGVRQFRRUGLQDWLRQRI VHYHUDOWHPSRUDO
DVSHFWVSDUWLFXODUO\NQRZOHGJHRI ZKHQLWLVQHFHVVDU\WRORRNDWWKHSDSHU
Feedback, critical assessment
:KLOHJD]HVWRWKHSDSHUPD\QRWEHQHFHVVDU\GXULQJGUDZLQJWKH\DUHHVVHQWLDOIRUFULWLFDO
DVVHVVPHQWRI OLQHVH[HFXWHG7FKDOHQNR·VSDUWLFLSDQWVZHUHJHQHUDOO\LQVWUXFWHGQRWWRFRUUHFW
HUURUV7KLVPHDQVWKDWKLVSDUWLFLSDQWVZHUHWHVWHGRQDSDUWLFXODUDUJXDEO\QRQW\SLFDO
GUDZLQJWDVN,QWKLVFDVHWKHSDUWLFLSDQWVPD\ORRNOHVVDWWKHSDSHUEHFDXVHWKHDVVHVVPHQW
HOHPHQWLVRPLWWHGZKLFKLVOLNHO\WRHQWDLOORRNLQJEDFNDQGIRUWKEHWZHHQWKHRULJLQDODQG
SDSHUWRFRPSDUHOLQHV7KLVUDLVHVDQLPSRUWDQWTXHVWLRQDERXWWKHUROHRI FRPSDULVRQDQG
WULDODQGHUURULQWKHGUDZLQJSURFHVVDQGKRZ*UHJRU\·VWKHRU\DERXWWULDODQGHUURUDQG
WKHK\SRWKHWLFDOQDWXUHRI YLVLRQH[SODLQVWKHREVHUYDWLRQDOGUDZLQJSURFHVV8QOLNHPXVLFDO
SHUIRUPDQFHPDQ\VW\OHVRI GUDZLQJUHO\RQWKHRSSRUWXQLW\WRFRUUHFWHUURUVDVRQHJRHV
DORQJE\FRPSDULQJWKHOLQHEHLQJSURGXFHGZLWKWKHRULJLQDO7KHVNLOOWRVSRWDQGFRUUHFW
)LJ3DUWLFLSDQW$3DWWHUQRI GZHOOVRQGD\1'R'R'S1'S1'R
Change day 5
K N A K N A
P/T Eye on paper as proportion of total 
time
104% 143% 111% Increase y y y
O/T Eye on original as proportion of total 
time
96% 83% 91% Decrease y y y
Do/T Drawing, eye on original as proportion 
of total time
20% 71% 55% Decrease y y y
Do/D Drawing, eye on original as proportion 
of time drawing
38% 75% 68% Decrease y y y
Dp/D Drawing, eye on paper as proportion of 
time drawing
167% 153% 136% Increase y y y
Do/O Drawing, eye on original as proportion 
of time with eye on original
21% 84% 61% Decrease y y y
Dp/P Drawing, eye on paper as proportion of 
time with eye on paper
79% 100% 96% Increase n n n
O Eye on original 468% 192% 129% Increase y y y
P Eye on paper 506% 326% 158% Increase y y y
Do Drawing, eye on original 96% 162% 78% Increase n y n
Dp Drawing, eye on paper 401% 324% 152% Increase y y y
)LJ)XUWKHUUHODWLRQDOGDWDVKRZLQJFKDQJHVIURPGD\LQUHODWLRQWRGD\IRUVXEMHFWV.1	$
190 191
HUURUVPD\EHDVLJQLÀFDQWIDFWRULQWKHDELOLW\WRGUDZDFFXUDWHO\,QWKLVVWXG\LQDQDWWHPSW
WRUHFRUGWKHSDUWLFLSDQW·VGUDZLQJDVQDWXUDOO\DVSRVVLEOHSDUWLFLSDQWVZHUHSHUPLWWHGWR
FRUUHFW+RZHYHUGUDZLQJZLWKIHOWSHQUHVWULFWHGWKHPWRFRUUHFWLRQVE\DGGLWLRQ'XULQJWKH
GD\GUDZLQJFRXUVHWKH\KDGEHHQDEOHWRFRUUHFWE\VXEWUDFWLRQXVLQJDQHUDVHU.·VÀQDO
GUDZLQJRQGD\DQGYLGHRIRRWDJHVKRZHYLGHQFHWKDWFRUUHFWLQJSOD\HGDUROHLQKHUDWWHPSW
DWDFFXUDF\,PSURYHGDFFXUDF\OHYHOVPD\EHWKHUHVXOWRI LPSURYHGFKHFNLQJDQGFRPSDULVRQ
PHFKDQLVPV
4.6 Comments on method
$QLQWHUHVWLQJHOHPHQWRI WKLVVWXG\LVWKDW7FKDOHQNRDQG,ZHQWRQIURPKHUHWRFRQGXFWRXU
UHVHDUFKLQGHSHQGHQWO\XVLQJGLIIHUHQWPHWKRGRORJLHV$IWHUWKLVTXDQWLWDWLYHVWXG\,PRYHG
WRDSKDVHRI UHÁHFWLYHSUDFWLFHDQGWKHGHYHORSPHQWRI WHDFKLQJSUDFWLFHVWRH[SORUHDQG
LPSOHPHQWKLVDQGP\ÀQGLQJVDERXWPRYHPHQWVRI GUDZLQJDQGH\HKDQGLQWHUDFWLRQV0\
K\SRWKHVLVZDVWKDWKDQGDORQHGUDZLQJPD\EHDQHIIHFWLYHVWUDWHJ\LI 7FKDOHQNRDQG0LDOO
ZHUHFRUUHFWWKDWWKHH\HGLGQRWQHHGWRORRNDWWKHSDSHUIRUDFFXUDF\RI VKDSH7KLVOHGWR
WKHLGHDWKDWWKHH\HRQO\QHHGHGWRORRNDWWKHSDSHUDWWKHEHJLQQLQJDQGHQGRI HDFKOLQH
VHJPHQWKHQFHP\VXSSRVLWLRQZDVWKDWDQHZSHGDJRJLFPRGHOFRXOGEHGHYHORSHGXVLQJ
DKLJKSURSRUWLRQRI EOLQGGUDZLQJ$WWKLVSRLQWWKLVZDVEDVHGRQUHDVRQLQJUDWKHUWKDQ
VFLHQWLÀFÀQGLQJVLQFOXGLQJWKHÀQGLQJVSUHVHQWHGKHUH+RZHYHULIDV7FKDOHQNRDQG0LDOO
KDGIRXQGVLPSOHOLQHVFRXOGEHGUDZQDFFXUDWHO\ZLWKRXWORRNLQJDWWKHSDSHUWKHQZLWK
WKHDGGLWLRQRI DZD\WROLQNVLPSOHVHJPHQWVREVHUYDWLRQDOGUDZLQJFRXOGEHVXFFHVVIXOO\
H[HFXWHGZLWKDUHGXFHGDPRXQWRI GZHOOWLPHRQWKHSDSHU7KHÀQGLQJVIURPWKLV%HWW\
(GZDUGVVWXG\WKDWZHUHWKHPRVWFRQFOXVLYHZHUHWKHEHKDYLRXUDOPHDVXUHVUHODWLQJWR
WLPLQJDQGV\QFKURQLVDWLRQRI SKDVHVRI GUDZLQJDQGSDXVLQJWKHQXPEHUVRI OLQHVHJPHQWV
DQGQXPEHUVRI GZHOOV)LQGLQJVIURPFDVHVWXG\$UHYHDOHGWHPSRUDODVSHFWVRI GUDZLQJ
SURGXFWLRQ
Limitations of  the study
(\HORFDWLRQGDWDZDVVXEMHFWWRHUURUVWRWKHGHJUHHRI IUDPHVLHV7KLVLVGXHWR
WKHÀOPLQJPHWKRGXVLQJRQO\RQHFDPHUDDQGWKHHVWLPDWLRQRI VDFFDGHWLPHVEDVHGRQ
VDPSOHYLGHRIRRWDJHRI WKHSDUWLFLSDQWV·H\HV,QRUGHUWRREWDLQPRUHDFFXUDWHGDWDUHODWLQJ
WRWKHWLPLQJRI WKHORFDWLRQRI WKHH\HLWZRXOGEHQHFHVVDU\WRXVHDVHFRQGFDPHUDWRÀOP
WKHH\HVGLUHFWO\WREHDQDO\VHGLQV\QFKURQLVDWLRQZLWKIRRWDJHRI WKHKDQGGUDZLQJ
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7KHEHKDYLRXUDOUHVXOWVZHUHHDVLHUWRLQWHUSUHWWKDQWKHDFFXUDF\UHVXOWV7KHH[SHULPHQWZDV
GHVLJQHGSULPDULO\WRREVHUYHEHKDYLRXULQRUGHUWRUHODWHÀQGLQJVWRWKRVHRI 7FKDOHQNR
DQG0LDOO7KHDFFXUDF\PHDVXUHRI OLQHOHQJWKZDVFRQFOXVLYHDQGFOHDUKRZHYHUDWWHPSWV
WRPHDVXUHWKHDQJOHVRI OLQHVHJPHQWVDQGWRFRPSDUHVKDSHVRI OLQHVHJPHQWVSURYHG
SUREOHPDWLF7KHIDFWRUVDIIHFWLQJWKLVZHUHWKHFRPSOH[LW\RI WKHOLQHWKHSUREOHPRI 
GLVWLQJXLVKLQJFRPSDUDEOHVHJPHQWVLQWKHRULJLQDODQGFRSLHVDQGWKHYDULDWLRQRI DQJOHV
ZLWKLQVHOHFWHGVHJPHQWV
7KHTXHVWLRQUHPDLQVRI ZK\VWXGHQWV·DFFXUDF\LPSURYHGZLWKWUDLQLQJDQGRUSUDFWLFH2I 
WKHWZHOYHEHKDYLRXUDOIDFWRUVH[DPLQHGLQWKHK\SRWKHVHVZHFDQQRWNQRZZKLFKDIIHFWHG
DFFXUDF\7KHREVHUYDWLRQDOFDVHVWXGLHVGRQRWLVRODWHYDULDEOHVZLWKLQWKHSURFHVVVR
DOWKRXJKDOOSDUWLFLSDQWVFKDQJHGWKHLUEHKDYLRXUDQGWKHLURYHUDOODFFXUDF\LPSURYHGZHGR
QRWNQRZZKDWOHGWRWKHVHFKDQJHV7KHÀUVWXQDQVZHUHGTXHVWLRQLVZKHWKHUDQGKRZWKH
GUDZLQJLQVWUXFWLRQDIIHFWHGWKHSDUWLFLSDQWVDVGLVWLQFWIURPWKHGUDZLQJSUDFWLFHLWVHOI,I 
WKHVDPHJURXSRI VWXGHQWVKDGQRWKDGDQLQVWUXFWRUSUHVHQWEXWKDGVSHQWGD\VSUDFWLVLQJ
REVHUYDWLRQDOGUDZLQJZRXOGWKHLUEHKDYLRXUDQGDFFXUDF\KDYHFKDQJHGDQGWRZKDWGHJUHH"
0\LPSUHVVLRQLVWKDWGD\VRI GUDZLQJLQVWUXFWLRQKDGLPSDFWHGRQWKHLUDELOLW\WRFRS\D
²GOLQHDFFXUDWHO\KRZHYHUIXUWKHUFRQWUROOHGH[SHULPHQWDWLRQLVQHHGHGWRH[SORUHZKDW
DFFRXQWVIRUWKHVHFKDQJHV7KLVVWXG\UHSUHVHQWVDSUHOLPLQDU\LQYHVWLJDWLRQRI WKHLPSDFW
RI GUDZLQJSUDFWLFHDQGDQLQWURGXFWLRQRI ORQJLWXGLQDOPHWKRGVXSSRUWHGE\TXDQWLWDWLYH
DFFXUDF\PHDVXUHV
Future study
7KHÀQGLQJVUHODWLQJWRV\QFKURQLVDWLRQRI SKDVHVRI GUDZLQJDQGSDXVLQJDQGWKHVHTXHQFH
DQGUK\WKPRI F\FOHVRI ORRNLQJGUDZLQJDQGSDXVLQJSURPSWHGIXUWKHUH[SORUDWLRQLQ
WKHGUDZLQJVWXGLRDVGHWDLOHGLQWKHQH[WFKDSWHU7KHVHWHPSRUDODVSHFWVRI H\HDQG
KDQGLQWHUDFWLRQHPHUJHGDVWKHPRVWLQWHUHVWLQJDVSHFWRI WKHVWXG\:KLOHKHUHDOOWKH
VWXGHQWVSDXVHGPRUHLQWRWDOWKHWLPLQJRI WKHVHSDXVHVZLWKLQDVHTXHQFHRI H\HDQGKDQG
PRYHPHQWVLVRI SDUWLFXODULQWHUHVW)XUWKHUUHVHDUFKZLOOORRNDWVHTXHQFHVRI EHKDYLRXUWR
H[SORUHZKHWKHUH[SHULHQFHOHDGVWRDUHJXODUSDWWHUQRI XVHRI WKHLGHQWLÀHGPRGHV'R
'S1'S1'RDQGKRZWKLVFDQEHDSSOLHGLQWHDFKLQJRI REVHUYDWLRQDOGUDZLQJ
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Chapter 5 An enactive model for observational 
drawing
5.1 Introduction
Subject and aims of  the chapter
7KLVFKDSWHUSURSRVHVDWKHRUHWLFDOEDVLVIRUREVHUYDWLRQDOGUDZLQJLQWKHOLJKWRI HQDFWLYH
WKHRU\UHFHQWHPSLULFDOÀQGLQJVIURPFRJQLWLYHVFLHQFHLQFOXGLQJWKH'UDZLQJDQG&RJQLWLRQ
3URMHFW'&3DQG*UHJRU\·VPRGHORI YLVXDOSHUFHSWLRQ7KHVHWKHRULHVSURYLGHGFUXFLDO
HOHPHQWVIRUDFKDUDFWHULVDWLRQRI REVHUYDWLRQDOGUDZLQJWKDWSULRULWLVHVPRYHPHQWDQG
LQFRUSRUDWHVP\ÀQGLQJVDERXWWKHGHYHORSPHQWRI GUDZLQJPRYHPHQWVSDXVLQJDQG
VHJPHQWDWLRQIURPWKH%HWW\(GZDUGV·VWXG\SUHVHQWHGLQ&KDSWHU+HQFHÀQGLQJVDUH
FRPELQHGZLWKWKHRU\WRRIIHUDIUDPHZRUNIRUWKHGHYHORSPHQWRI DSUDFWLFDOPRWRUPRGHO
RI REVHUYDWLRQDOGUDZLQJLQ&KDSWHU
7KHIUDPHZRUNHQWDLOV
7KDWWKHH\HDQGKDQGFRQYHUVHDQGPXWXDOO\FRQWULEXWHWRSHUFHSWLRQ
,QRUGHUWRDOORZDGHHSFRQYHUVDWLRQEHWZHHQH\HDQGKDQGWKHGUDZHUQHHGVWRSDXVHDQG
DOORZWKHH\HDQGKDQGWROLVWHQWRRQHDQRWKHU
7KHIUDPHZRUNLVEDVHGRQWKHNH\SHUVSHFWLYHV
'UDZLQJIRUGLVFRYHU\QRWGHSLFWLRQGUDZLQJFDQEHRSHQHQGHGFRQWLQJHQWVHDUFKLQJ
UDWKHUWKDQFDSWXULQJDQGGHSLFWLYH
7KDWHYHU\GD\RFXODUYLVLRQLVFRQWLQJHQWDQGXQGHUGHWHUPLQHGDQGQRWVXIÀFLHQWIRU
GUDZLQJ
$V,QJROG·VERRNWLWOH Being AliveVXJJHVWVGUDZLQJFDQGHYHORSLQWRDZD\RI OLIHDQRSHQ
HQGHGDSSURDFKRI OLYLQJWKHOLQHRI EHLQJSUHVHQWUDWKHUWKDQDZD\WRUHSUHVHQW,QJROG
VWDWHV¶«WKHGUDZQOLQHFDQXQIROGLQDZD\WKDWUHVSRQGVWRLWVLPPHGLDWHVSDWLDODQG
WHPSRUDOPLOLHXKDYLQJUHJDUGIRULWVRZQFRQWLQXDWLRQUDWKHUWKDQIRUWKHWRWDOLW\RI WKH
FRPSRVLWLRQ·,QJROGS:ULWLQJRI WKHJHVWXUHDQGDFWRI GUDZLQJ%U\VRQ
SSURSRVHGWKDWGUDZLQJKDVDORFDOORJLFDVFRQWUDVWHGZLWKDQRYHUDOOFRPSRVLWLRQDO
ORJLFRI SDLQWLQJ
:HKDYHVHHQWKDWDQLQSXWRXWSXWPRGHOLVLQVXIÀFLHQWWRGHVFULEHRUH[SODLQWKHFRPSOH[
SURFHVVRI GUDZLQJIURPOLIH7KHHQDFWLYHYLHZOHDGVXVWRTXHVWLRQWKHDFFHSWHGSDUDGLJP
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WKDWORRNLQJSUHFHGHVGUDZLQJDQGWKDWWKHH\HOHDGVWKHKDQG7ZRGLVWLQFWTXHVWLRQVDULVH
ÀUVWO\FRQFHUQLQJWKHQDWXUHRI SHUFHSWXDOSURFHVVHVXQGHUO\LQJGUDZLQJDQGVHFRQGO\WKH
TXHVWLRQRI KRZNQRZOHGJHRI WKHVHSHUFHSWXDOSURFHVVHVFDQFRQWULEXWHWRGUDZLQJSUDFWLFH
DQGWHDFKLQJ7KHDLPRI WKLVFKDSWHULVWRGHÀQHGUDZLQJDVDUHÁHFWLYHPXOWLVHQVRU\
ZD\RI SHUFHLYLQJ7KHIROORZLQJFKDSWHUZLOOH[SORUHWKHLPSOLFDWLRQVRI WKLVIRUSUDFWLFH
DQGWHDFKLQJ'UDZLQJLVSRVLWLRQHGDVDSHUFHSWXDOSURFHVVDNLQWR*UHJRU\·VFRQWLQJHQW
H[SORUDWLYHPRGHORI YLVLRQZKHUHLQWKHKDQGDXJPHQWVXQGHUGHWHUPLQHGRFXODUYLVLRQWR
HQDEOHWKHDSSUHFLDWLRQDQGDUWLFXODWLRQRI ÀQHO\GHWDLOHGLQIRUPDWLRQ
7FKDOHQNRVKLIWHGWKHIRFXVIURPWKHFRQYHQWLRQDOYLHZWKDWWKHH\HKROGVWKHNH\WR
REVHUYDWLRQDOGUDZLQJE\ORRNLQJDWH\HDQGKDQGLQWHUDFWLRQ7KHSURSRVLWLRQLVWKDWWKHVH
ÀQGLQJVFDQEHXVHIXOO\DSSOLHGWRSHGDJRJ\LQWDQGHPZLWKIXUWKHUHOHPHQWVWKDWFRQVLGHU
IHHGEDFNSURFHVVHVWRGHYHORSDPRUHFRPSUHKHQVLYHSUDFWLFDOGUDZLQJPHWKRG
:HQHHGWRORRNDWZKDWLVSDUWLFXODUDERXWGUDZLQJLQWHUPVRI UHÁHFWLRQKRZKDQG
EHKDYLRXUDIIHFWVYLVXDOSHUFHSWLRQDQGWKHFRQYHUVDWLRQEHWZHHQH\HDQGKDQG7FKDOHQNR
DVNHG¶ZKHQGRHVWKHKDQGQHHGWKHH\H"·LHZKHQGRHVWKHKDQGQHHGWKHH\HDVJXLGHRU
PRQLWRU)URPWKHHQDFWLYHYLHZGHYHORSHGKHUHWKHQHZTXHVWLRQLVZKHQGRHVWKHH\HQHHG
WKHKDQGDQGWKHSURSRVHGDQVZHULVWKDWWKHKDQGKHOSVWRFDSWXUHDQGHOXFLGDWHÀQHGHWDLO
DQGLQ*UHJRU\·VWHUPLQRORJ\WHVWYLVXDOK\SRWKHVHV(DFKGUDZQOLQHEHFRPHVDFRQWLQJHQW
LGHDWREHWHVWHGE\WKHH\HDQGKDQGWRJHWKHU
7KHFKDSWHUGHYHORSVWKUHDGVRI DUJXPHQWLQWURGXFHGLQ&KDSWHUFRQFHUQLQJVHQVRULPRWRU
VNLOOVRXUSK\VLFDOFRQWURORI SHUFHSWLRQDQGH\HKDQGFRPPXQLFDWLRQDQGFRQVLGHUV
VSHFLÀFDOO\KRZ1Rs·VHQDFWLYHWKHRU\DQG,QJROG·VYLHZRI WKHOLQHDSSO\WRREVHUYDWLRQDO
GUDZLQJ7KHFKDSWHUDVNVTXHVWLRQVDERXWSK\VLFDOEHKDYLRXUDQGWKHORFDWLRQRI SHUFHSWLRQ
GHVLJQHGWRVKHGOLJKWRQWKHFRPSOH[QXDQFHGUHODWLRQVKLSVEHWZHHQWKHKDQGWKHH\HWKH
PLQGDQGWRKHOSIUDPHWKHIXUWKHUTXHVWLRQRI KRZGUDZLQJSUDFWLFHDIIHFWVSHUFHSWLRQ
IRUSUDFWLFDODQGHPSLULFDOLQYHVWLJDWLRQ([SORUDWLRQRI WKLVVHWRI TXHVWLRQVDQGSDUDGLJPV
SURJUHVVHVIURPWKHLQWHOOLJHQWH\HVRI $OEHUWLDQG'D9LQFLWR5XVNLQ·VVKDUSHQLQJRI 
SHUFHSWLRQE\WKHSHQFLODQGÀQDOO\WRWKHGUDZLQJERG\RI *DOODJKHU,QJROG
DQG1RsRIIHULQJDPXOWLPRGDOHQDFWLYHYLHZRI WKHLQWHUWZLQLQJRI WKHH\H
KDQGSHUFHSWLRQDQGDFWLRQ
$FWLYH9LVLRQWKHRU\)LQGOD\DQG*LOFKULVWDQG*UHJRU\·VYLHZRI YLVLRQDVK\SRWKHVLV
WHVWLQJVXSSRUWWKHDUJXPHQWZLWK1Rs·VHQDFWLYHWKHRU\SURYLGLQJDPHDQLQJIXO
IUDPHZRUNIRUWKHPRYHPHQWVRI GUDZLQJ7KLVSUHSDUHVWKHJURXQGIRUSUDFWLFDO
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LQYHVWLJDWLRQRXWOLQHGLQFKDSWHURI KRZGUDZLQJFDQSOD\RXWWKURXJKH\HDQGKDQG
PRYHPHQWVLQWLPHDQGVSDFH
&KDSWHUFRQVLGHUHGDUDQJHRI YLHZVDERXWWKHNH\VWRDFFXUDF\LQREVHUYDWLRQDOGUDZLQJ
DQGVKRZHGWKDWWKHUHLVEURDGFRQVHQVXVDERXWWKHQHHGIRUDVSHFLDOZD\RI ¶ORRNLQJ·
+RZHYHUWKHKDQGKDVEHHQVLGHOLQHGLQWKHRULHVRI REVHUYDWLRQDOGUDZLQJIRURYHUKDOI D
PLOOHQQLXP7KHHQDFWLYHPRGHORI WKHGUDZLQJSURFHVVSURSRVHGKHUHFKDOOHQJHVORQJKHOG
YLHZVWKDWSULRULWLVHDQDUURZO\GHÀQHGLVRODWHGDQGGLVHPERGLHGYLVLRQ$VZHDOVRVDZ
LQ&KDSWHUHYLGHQFHRI JUHDWHUH\HFRQWURODQGÀQHJUDLQHGPRYHPHQWLQREVHUYDWLRQDO
GUDZHUVVXJJHVWWKDWWKHH\HGHYHORSV¶GUDZLQJ·VNLOO6FLHQWLÀFÀQGLQJVDERXWH\HKDQG
LQWHUDFWLRQLQFOXGLQJWKRVHIURPWKLVVWXG\VXJJHVWWKDWWKHKDQGLQIRUPVWKHH\HDQGWKDWD
TXHVWLRQDQGDQVZHUSURFHVVGHYHORSVEHWZHHQWKHP
7KLVOHDGVWRWKHDUJXPHQWWKDWWKHKDQGDQGWKHGUDZQOLQHFRQWULEXWHWRYLVXDOSHUFHSWLRQ
E\DQVZHULQJTXHVWLRQVDVNHGE\WKHH\H$FHQWUDOSRLQWLVWKDWWKHKDQGFDQPRYHPRUH
VPRRWKO\DQGH[SORUHREMHFWVLQDPRUHGHWDLOHGZD\WKDQWKHH\H
7KHLPSRUWDQFHRI WKHUHVHDUFKLVWKDWLWSRVHVQHZLGHDVDERXWWKHUHODWLRQVKLSEHWZHHQVHQVH
DQGDFWLRQE\DSSURDFKLQJWKHTXHVWLRQVRI REVHUYDWLRQDOGUDZLQJIURPWKHSHUVSHFWLYHRI D
SUDFWLWLRQHUDQGLQWHUPVRI SK\VLFVUDWKHUWKDQFRJQLWLRQ
)LQDOO\WKHGLVFXVVLRQWRXFKHVRQWKHTXHVWLRQRI WKHUROHRI QRQPRYHPHQWSDXVHVEHWZHHQ
SKDVHVRI GUDZLQJDQGWKHLPSOLFDWLRQVRI WKHVWLOOQHVVRI WKHKHDGDQGERG\GHPDQGHGE\
REVHUYDWLRQDOGUDZLQJ,QVXPWKHFHQWUDOSRLQWPDGHLVWKDWREVHUYDWLRQDOGUDZLQJFDQQRWEH
DGHTXDWHO\PRGHOHGDVDSHUFHSWLRQWRDFWLRQVNLOO
The special case of  observational drawing
7KHG\QDPLFZD\WKDWWKHSHUFHSWFKDQJHVGXULQJGUDZLQJLPSOLHVWKDWRQHLVQRWGUDZLQJ
IURPSHUFHSWLRQ3HUFHSWLRQLVWUDQVIRUPHGZLWKHYHU\OLQHDQGHYHU\JODQFHKHQFHGUDZLQJ
LVDSURFHVVRI SHUFHSWXDOOHDUQLQJ7KHGLVWLQFWLRQEHWZHHQGUDZLQJDQGRWKHUYLVXDOO\JXLGHG
PRWRUVNLOOVLVWKDWWKHKDQGLVHOXFLGDWLQJYLVLRQDQGSHUFHSWLRQZKLOHLWGUDZV
,QRWKHUVNLOOVWKHYLVLRQWRPRWRUSHUFHSWLRQWRDFWLRQSDUDGLJPVHHPVHDVLHUWRDSSO\
)RUVNLOOVVXFKDVGULYLQJDQGSOD\LQJFULFNHWRQHXVHVWKHH\HLQWKHVDPHZD\DVLQHYHU\GD\
YLVLRQ¶VXUYH\LQJ·À[DWLRQVFDSWXUHLQIRUPDWLRQIRUWKHWDVNVXFKDVUHFRJQLWLRQRI REMHFWV
RI PRYHPHQWDQGWKHWUDFNLQJRI PRYHPHQW9LVLRQLQIRUPVVXEVHTXHQWDFWLRQIRUH[DPSOH
LQGULYLQJYLVLRQLQIRUPVWKHKDQG·VPRWRUDFWLRQWRVWHHUWKHFDU/HDUQLQJRI WKHVNLOODQG
WKURXJKRQJRLQJSUDFWLFHIHHGEDFNSURFHVVHVÀQHWXQHWKH¶FDXVHDQGHIIHFW·FRQQHFWLRQ
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EHWZHHQH\HDQGKDQGWRHQVXUHWKDWWKHJRDOLVDFKLHYHG
+RZHYHUWKHJRDOLVQRWUHÁH[LYHLQWKHZD\REVHUYDWLRQDOGUDZLQJLV,QRWKHUZRUGVZKLOH
GUDZLQJFDQEHFRQFHLYHGDVDSHUFHSWLRQWRPRWRUVNLOOOLNHGULYLQJDQGVDQGZLFKPDNLQJLW
LVGLVWLQFWEHFDXVHWKHKDQGLVWU\LQJWRWDONDERXWDQGDXJPHQWWKHORRNLQJ,WLVQRWVROHO\
XVLQJYLVLRQWRGLUHFWDFWLRQ7KHUHLVDQH[WUDGLPHQVLRQZKHUHLQWKHKDQGLVH[SORULQJ
SHUFHSWLRQLWVHOIWU\LQJWRXQGHUVWDQGYLVLRQ
,QWKHFDVHRI REVHUYDWLRQDOGUDZLQJWKHKDQGWULHVWRPLUURUWKHVHHQOLQH7KHKDQGLVQ·W
MXVWWU\LQJWRXVHWKHYLVXDOLQIRUPDWLRQWRZDUGVDPRWRUJRDOUDWKHULWLVWU\LQJWRDSSUHFLDWH
DQGXQGHUVWDQGLWWRH[SORUHLWDQGWRLQIRUPLW7KLVH[SORUDWLRQRI WKHYLVXDOLVZKDWPDNHV
WKHKDQGD¶ORRNLQJ·DJHQWDQGJLYHVDQH[WUDRUGLQDU\FRQQHFWLRQEHWZHHQWKHYLVXDODQGWKH
PRWRU7KHFRQWHQWLRQRI WKHWKHVLVLVWKDWWKHH\HDQGKDQGOHDUQIURPRQHDQRWKHUWRWKH
H[WHQWWKDWWKHH\HOHDUQVWRGUDZOLQHVDQGWKHKDQGEHJLQVWR¶VHH·7RPDNHWKLVDUJXPHQW
ZHQHHGWREHFOHDUZKDWLVPHDQWE\VHHLQJ,XVHWKHZRUGWRUHIHUWRSHUFHSWXDOSURFHVVHV
WKDWPDNHVHQVHRI YLVXDOLQIRUPDWLRQ7KLVLVGLVWLQFWIURP¶ORRNLQJ·ZKLFKLVDTXHVWLRQLQJ
DQGVHDUFKLQJDQHDUOLHUVWDJHRI WKHYLVXDOSURFHVVLQJV\VWHP,QWKLVZD\VHHLQJLVUHDGDV
DQLQWHUSUHWDWLRQLHZKDWRQHPDNHVRI WKHYLVXDOLQIRUPDWLRQDQXQGHUVWDQGLQJDVLPSOLHG
E\WKHXVHRI ¶,VHH·WRPHDQ¶,XQGHUVWDQG·:KHUHDV¶,ORRN·UHIHUVWRDQHDUOLHUVWDJHWRWKH
DVNLQJRI DTXHVWLRQ+HQFHERWKWKHH\HDQGKDQGFRQWULEXWHWR¶VHHLQJ·WRWKHXQGHUVWDQGLQJ
RI YLVXDOLQIRUPDWLRQ2EVHUYDWLRQDOGUDZLQJLVDZD\RI VHHLQJWKDWGRHVQRWGHSHQGRQ
WKHH\HDORQH²LQWKLVZD\LWLVDPXOWLVHQVRU\SHUFHSWXDOSURFHVV:HVHHE\GUDZLQJZHXVH
GUDZLQJWRVHHWRXQGHUVWDQG,QHYHU\GD\VNLOOVVXFKDVGULYLQJWKHZRUNRI WKHH\HDQGKDQG
DUHPRUHGLVWLQFWDQGVHSDUDWHJRDOGULYHQZLWKRXWWKHPHWDFRJQLWLYHOHYHORI UHÁHFWLQJRQ
DQGH[SORULQJSHUFHSWLRQ,QWKLVZD\REVHUYDWLRQDOGUDZLQJLVDQHQDFWPHQWRI SHUFHSWLRQ
Rationale for focus on movement and the hand
7KLVFKDSWHUDVNVZKHWKHUWKHKDQGRIIHUVDPRUHVWDEOHSODWIRUPIRUSHUFHSWLRQ$ORQJ
ZLWKWKHSKLORVRSKLFDOHVWDEOLVKPHQWRI YLVLRQDVWKHKLJKHVWVHQVHFRPSXWDWLRQDOPRGHOOLQJ
RI ERGLO\SURFHVVHVKDVVWURQJO\LQÁXHQFHGWKHZD\ZHXQGHUVWDQGYLVLRQ7ZRFRQWUDVWLQJ
SDUDGLJPVRI YLVLRQKDYHOHGUHVHDUFKVLQFHWKHVZLWK*LEVRQWDNLQJDKROLVWLFYLHZ
DQG0DUUDSSURDFKLQJYLVLRQDVDFRPSXWDWLRQDOSUREOHPDQGDVHTXHQWLDOKLHUDUFKLFDO
SURFHVV&RPSXWDWLRQDOPRGHOVVXFKDV0DUU·VKDYHLQFOLQHGYLVLRQUHVHDUFKWRZDUGVDOLQHDU
PHFKDQLFDOYLHZZLWKFRUUHVSRQGLQJPHWKRGVRI DQDO\VLV&RPSXWDWLRQDODQGVFLHQWLÀF
PHWKRGVRIWHQUHGXFHFRPSOH[V\VWHPVWRLQSXWRXWSXWPRGHOV%RWKH[SHULPHQWDO
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SV\FKRORJ\DQGFRPSXWHUWHFKQRORJ\KDYHLQÁXHQFHGRXUFRQFHSWLRQVRI SURFHVVHV:KLOH
FRQWHPSRUDU\VFLHQWLVWVKDYHGUDZQDWWHQWLRQWRWKHDFWLRQRI WKHKDQGWKH\ZRUNZLWKLQWKLV
IDPLOLDUSDUDGLJPWKHH\HVHHVDQGWKHKDQGH[HFXWHV,QUHODWLRQWRGUDZLQJUHVHDUFKWKLVKDV
OHGWRWKHSUHGRPLQDQFHRI ¶LQWRWKHH\HRXWRI WKHKDQG·LQIRUPDWLRQDOPRGHOVLJQRULQJ
WKHSRVVLELOLW\RI PRUHFRPSOLFDWHGIHHGEDFNSURFHVVHVDQGGHVLJQDWLQJWKHH\HWKHUROHRI 
SHUFHLYLQJDQGWKHKDQGWKHUROHRI PHFKDQLFDOH[HFXWLRQ&XUUHQWVFLHQWLÀFGUDZLQJUHVHDUFK
LVDOVRFRPPLWWHGWRWKLVLQSXWRXWSXWSDUDGLJPSDUWO\EHFDXVHRI LWVHIIRUWVWRORFDWHGUDZLQJ
ZLWKLQDPRUHGHYHORSHGÀHOGRI FRJQLWLYHVFLHQFHWKHVWXG\RI JRDORULHQWHGVNLOOV+RZHYHU
DVRXWOLQHGDERYHGUDZLQJLVXQOLNHRWKHUVNLOOVEHFDXVHWKHKDQGLVQRWPHUHO\JXLGHGWRDFW
E\WKHH\HEXWLVWU\LQJWRDUWLFXODWHWKHVDPHWKLQJDVWKHH\HWRUHLWHUDWHDQGIXUWKHUPRUH
H[SOLFDWHWKHYLVXDO
7KLVFKDSWHUTXHVWLRQVWKHH\HWRKDQGSHUFHSWLRQWRDFWLRQPRGHORI GUDZLQJZKHUHLQ
GUDZLQJEHJLQVZLWKWKHH\HYLVXDOVHQVDWLRQSURJUHVVHVWRSHUFHSWLRQE\WKHPLQGDQG
WKHQWRDYLVXRPRWRUWUDQVIRUPDWLRQWKDWOHDGVWRGUDZLQJH[HFXWLRQE\WKHKDQG0\ÀQDO
PRGHOSURSRVHVWKDWWKHH\HDQGKDQGFDQSHUFHLYHDQGGUDZWKHGUDZLQJWRJHWKHU7KLV
PRGHOÀQGVVXSSRUWIURPDUWLVWV·DFFRXQWVRI GUDZLQJ,QVFLHQFHZHKDYHWRORRNEH\RQG
GUDZLQJUHVHDUFKLQWRRWKHUDUHDVRI SHUFHSWLRQDQGDFWLRQUHVHDUFKWRÀQGWKRVHZKR
HQWHUWDLQWKHLGHDWKDWWKHKDQGFRQWULEXWHVWRYLVXDOSHUFHSWLRQLQYROXQWDU\H[HFXWLYHWDVNV
VHH1Rs2·5HJDQ*DOODJKHU$UWLVWV·VWDWHPHQWVRI KRZGUDZLQJIHHOVDQG
WKHWUDQVIRUPDWLRQRI SHUFHSWLRQDUJXDEO\JHWFORVHUWRZKDWLVKDSSHQLQJIUHHIURPWKHQHHG
WRHPSLULFDOO\WHVWWKHLUDVVHUWLRQVE\VSOLWWLQJEHKDYLRXULQWRFRQGLWLRQVDQGYDULDEOHVWKH\DUH
DEOHWRH[SUHVVSKHQRPHQRORJLFDOH[SHULHQFHVWKDWPD\FORVHO\UHODWHWRFRJQLWLYHSURFHVVHV
Structure of  the chapter
7KHHQDFWLYHGUDZLQJDUJXPHQWSURJUHVVHVIURPGHÀQLQJSHUFHSWLRQWRWKHUROHRI SHUFHSWLRQ
LQGUDZLQJWRDTXHVWLRQLQJRI ZKDWGUDZLQJUHTXLUHVRI YLVLRQ,VWKHH\HXSWRWKHWDVN"
²WRWKHSURSRVLWLRQWKDWWKHH\HQHHGVWKHKDQGLQRUGHUWRVHHLQWKLVHVSHFLDOGHWDLOHGZD\
3URSRVDOVDUHPDGHIRUKRZWREULQJWKHKDQGLQWRWKHSLFWXUHIHHGEDFNIURPKDQGWRH\HLV
H[SORUHGDQGWKHTXHVWLRQRI ZKHQWKHKDQGOHDGVWKHH\HLVDVNHG'UDZLQJLVWKHQSRVLWHGDV
DG\QDPLFFRQYHUVDWLRQEHWZHHQH\HDQGKDQG'UDZLQJLVIUDPHGDVSUHVHQWDWLRQUDWKHUWKDQ
UHSUHVHQWDWLRQOHDGLQJWRWKHSURSRVLWLRQWKDWGUDZLQJLVDIRUPRI SHUFHSWLRQ7KHPRGHORI 
GUDZLQJLVGLVWLQJXLVKHGDVDUHVHDUFKUDWKHUWKDQDGHSLFWLYHPHWKRG
$SSHQGL[FGHWDLOVWKHDUJXPHQWXVLQJDQQRWDWHGGUDZLQJVIURPWKHGRPLQDQWSDUDGLJPV
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RI WKHLQWHOOLJHQWSHUFHSWLYHH\HWRDQHQDFWLYHHPERGLHGYLHZRI WKHH\HDQGKDQGZRUNLQJ
WRJHWKHU
6HFWLRQSURSRVHVWKHPRGHOIRUWHVWLQJLQSUDFWLFH,WHPSKDVLVHVWKHQHHGIRUDZRUNDEOH
VWUDWHJ\HLWKHUH[SOLFLWRULPSOLFLWUHODWLQJWRWKHFRRUGLQDWLRQDQGXVHRI WKHKDQGDQGH\H
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5.2 Establishing observational line drawing within 
enactive perception theory
$WWKLVSRLQWGUDZLQJVDQGWH[WH[SORUHGLQGHWDLOWKHSURFHVVRI REVHUYDWLRQDOOLQHGUDZLQJ
3OHDVHVHHDSSHQGL[FIRUWKHGUDZLQJVDQGVXSSRUWLQJQRWHV7KHQRWHVDUHRQO\IRU
UHIHUHQFHLI UHTXLUHGE\WKHUHDGHU7KHPDLQDUJXPHQWLVPDGHLQWKHGUDZLQJV
'UDZLQJWKH0XOOHU/\HUÀJXUH
7RH[SORUHKRZWKHDFWLRQRI GUDZLQJDOLQHFDQDIIHFWSHUFHSWLRQ,DVNHG%UHXWRQWRÀUVW
ORRNDWWKH0XOOHU/\HUÀJXUHÀJXUHDQGWRUHSRUWKHUSHUFHSWLRQRI WKHOHQJWKRI ERWK
OLQHV,WKHQDVNHGKHUWRWUDFHUHSHDWHGO\RYHUWKHOLQHV6HHÀJVDQGLQWHUYLHZVZLWK
DXWKRU%UXHWRQD%UXHWRQEDQGDSSHQGL[E
$IWHUORRNLQJDWWKHOLQH%UXHWRQVDLGWKDW/LQH$ORRNHGORQJHUWRKHU%UXHWRQD
PLQV
6KHKDGVHHQWKHLOOXVLRQEHIRUHDQGNQHZWKDW/LQH$LVSHUFHLYHGE\PRVWSHRSOHDVORQJHU
,DVNHGKHUWRWUDFHRYHUERWKOLQHV%UXHWRQDPLQV
$IWHUWUDFLQJRYHUERWKOLQHVWZLFHVKHVDLG¶LW·VUHDOO\LQWHUHVWLQJFRVWKH\IHHOWKHVDPHEXW
P\H\HLVVWLOOWHOOLQJPHWKDWWKDWRQH>SRLQWVWR/LQH%@LVVKRUWHUHYHQWKRXJKLWIHHOVWKH
VDPHDVWKLV>LQGLFDWHV/LQH$@·%UXHWRQDPLQV
,WKHQDVNHGKHUWRZDWFKWKHSHQFLOWLSDVVKHWUDFHGWKHOLQHV
$IWHUWUDFLQJRYHUERWKWKHOLQHVWLPHVVKHVDLG¶,WKLQNWKH\DUHJHWWLQJFORVHUDVLQWKH\
VWLOOIHHOWKHVDPHEXWYLVXDOO\,WKLQNWKH\DUHJHWWLQJFORVHU·%UXHWRQDPLQVV
6KHVDLG
0\KDQGLVPDNLQJDVLPLODUDFWLRQDQG,FDQIHHOWKURXJKWKHWLSRI WKH
SHQFLOZKHQWKHSHQFLOLVLQFRQWDFWZLWKWKHSDSHUVRWKDW>VKHWUDFHG
OLQH$@IHHOVSUHWW\PXFKWKHVDPHDVWKDW·>VKHWUDFHGOLQH%@%UXHWRQ
DPLQVV
,WKLQN,·PXVLQJWRXFKDQGIHHODQG,·PXVLQJWLPH,·PWU\LQJWRTXDQWLI\
WLPHIRUP\VHOIWRWU\DQGFRQYLQFHP\H\HWKDWWKDW>VKHSRLQWVWROLQH%@LV
WKHVDPHDVWKDW>SRLQWVWROLQH$@%UXHWRQDPLQVV
EXW,GLGÀQGWKDWWKURXJKGUDZLQJRYHUWKHPWKDWWKHIHHOLQJRI WKHOLQHV
ZHUHWKHVDPHDQGWKDWEHJDQWRLQÁXHQFHKRZ,VDZWKHP,GLGQ·WE\WKH
HQGRI LW,GLGQ·WVHHWKHPDVWKHVDPHGLVWDQFH²P\H\HZDVVWLOOWHOOLQJ
PHWKDWWKDWRQHZDVORQJHUWKDQWKDWRQHEXWWKHGLIIHUHQFHKDGUHGXFHG
%UXHWRQEV
Line A Line B
)LJ7KH0XOOHU/\HU,OOXVLRQXVHGWRWHVWSHUFHSWLRQRI KRUL]RQWDOOHQJWKVRI OLQH$FRPSDUHGWROLQH%
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2QLDQVEHOLHYHVWKDWORRNLQJDQGDWWHQWLRQFDQQRWVROYHDOOSHUFHSWXDOSUREOHPV7DONLQJRI 
WKH0XOOHU/\HULOOXVLRQ2QLDQVFRQWHQGV¶
,I RXUQHXUDOQHWZRUNVKDYHEHHQIXQGDPHQWDOO\FRQÀJXUHGE\VRPH
JHQHUDOIHDWXUHRI RXUH[SHULHQFHQRDPRXQWRI LQWHQVHORRNLQJDW
LQGLYLGXDOREMHFWVZLOOFRUUHFWWKHHUURUVWKLVOHDGVWR2QLDQVS
+RZHYHU%UXHWRQ·VH[SHULHQFHVXJJHVWVWKDWLQWKHFDVHRI WKH0XOOHU/\HULOOXVLRQZKHQZH
DWWHQGE\GUDZLQJZHFDQFKDQJHRXUSHUFHSWLRQRI WKHOLQH$V%UXHWRQQRWHGWKHIDFWWKDW
LWWDNHVWKHVDPHDPRXQWRI WLPHWRGUDZWKHOLQHVXJJHVWVWKDWWKH\DUHWKHVDPHOHQJWK
,QVWHDGRI UHO\LQJRQWKHH\HDORQHWKHKDQGKHOSVWRFODULI\SHUFHSWLRQ
5HDGHUSOHDVHWU\WKLVSURFHVVRI ORRNLQJDQGWKHQGUDZLQJ
'XULQJP\LQWHUYLHZZLWK/\RQV/\RQV,DVNHGKHUWRGUDZDFORWKHV·SHJ$IWHU
GUDZLQJ,DVNHG/\RQVZKHWKHUWKHH[SHULHQFHRI GUDZLQJFKDQJHGKHULQDQ\ZD\6KHUHSOLHG
<HV,GRWKLQNEXWDOVR,WKLQNZLWKORRNLQJ,WKLQN,DPGUDZLQJDV,ORRN
DQ\ZD\EHFDXVH,DPORRNLQJDWLWEXW,DPWKLQNLQJDERXWKRZ,GUDZLW
,DPORRNLQJDWLWLQWHUPVRI KRZ,DPXQGHUVWDQGLQJLWDQGKRZ,ZRXOG
WU\DQGXQGHUVWDQGWKDWDQGPDQLIHVWWKDWWKURXJKGUDZLQJLWWRJHWWRVHHLW
DQGJHWWRNQRZLWEHWWHU6R,FDQ·WVHHEHKLQGLWEXW,DPWKLQNLQJKRZWKDW
PLJKWORRNDQG,DPDOVRWKLQNLQJRI LWVHQVXRXVO\DVLQ,DPQRWJRLQJWR
WRXFKLWEXW,LPDJLQHKRZLWIHHOV·/\RQVPLQVV
Drawing as presentation 
'U/XF\/\RQVZDVRQHRI WKHH[SHUWGUDZHUVVWXGLHGE\7FKDOHQNRDDQG7FKDOHQNR
HWDOLQSUHVV+HUSKHQRPHQRORJLFDOVWXG\DQGDQDO\VLVRI WKHXVHRI ZKDWVKHGHÀQHV
DV¶GHOLQHDWLRQ·/\RQVRIIHUVVXSSRUWIRUWKHDUJXPHQWWKDWGUDZLQJFDQFUHDWHDGLUHFW
FRQQHFWLRQEHWZHHQWKHVXEMHFWDQGGUDZHUPDGHYLVLEOHRQSDSHUDQGFRQWDLQLQJDUHFRUG
DQGLQIRUPDWLRQDERXWWKHHQJDJHPHQWDQGLQWHUDFWLRQ/\RQV,QWKLVZD\GUDZLQJ
VKHGVOLJKWRQH[SHULHQFHDQGRXUUHODWLRQVKLSZLWKWKHZRUOG,WLVDSUHVHQWDWLRQRI WKH
ERGLO\H[SHULHQFHQRWDUHSUHVHQWDWLRQRI DQLVRODWHGYLVXDOH[SHULHQFH7KLVPRGHRI GUDZLQJ
LVLPSRUWDQWEHFDXVHLWKDVJUHDWUHVHDUFKSRWHQWLDOERWKLQUHODWLRQWRSHUFHSWLRQDQGDFURVV
GLVFLSOLQHVLQWHUPVRI H[SORUDWLRQDQGNQRZOHGJHSURGXFWLRQ
7KHSURSRVDORI DPRWRUFRQQHFWLRQEHWZHHQWKHH\HDQGKDQGLVFRQVLVWHQWZLWKWKHLGHD
WKDWDQHVSHFLDOO\GLUHFWVHQVRU\OLQNLVPDGHEHWZHHQWKHH\HDQGKDQG'UDZLQJPD\EH
DPRUHUDZSUHVHQWDWLRQRI VHQVRU\LQIRUPDWLRQZLWKWKHSHUFHSWXDOSURFHVVWDNLQJSODFH
RQWKHSDSHUUDWKHUWKDQLQWKHEUDLQEHIRUHGUDZLQJ3HUKDSVGUDZLQJE\SDVVHVHOHPHQWV
RI SHUFHSWXDOSURFHVVLQJNQRZLQJWKDWWKHGUDZLQJLVJRLQJWRGRWKHWKLQNLQJLHWKLQNLQJ
RFFXUVRQWKHSDJH
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/\RQVGHÀQHVGUDZLQJDVDSUHVHQWDWLRQUDWKHUWKDQDUHSUHVHQWDWLRQ7KLVLVDQLPSRUWDQW
SRLQWFRQYH\LQJGUDZLQJQRWDV¶DIWHUWKHHYHQW·EXWDVWKHHYHQWLWVHOI7KLVSRVLWLRQVGUDZLQJ
PRUHFOHDUO\DVDUHVHDUFKPHWKRGWKDWSUHVHQWVDQHZYLHZDQGFRQWDLQVQHZNQRZOHGJH
/\RQVXVHGGUDZLQJGHOLQHDWLRQWRUHVHDUFKERQHGLVHDVHDVZHOODVWRH[SORUHGHOLQHDWLRQ
LWVHOI'XHWRWKLVKHUIRFXVZDVRQWKHVSHFLÀFNQRZOHGJHRI WKHGLVHDVHWKDWGHOLQHDWLRQZDV
DEOHWRGLVFRYHUUDWKHUWKDQRQWKHSK\VLFVDQGFKDUDFWHURI GHOLQHDWLRQDVDGUDZLQJSUDFWLFH
,DVNHGKHUDIWHUVKHGUHZDFORWKHVSHJ¶:RXOG\RXZDQWWKHÀQDOGUDZLQJWRUHDOO\ORRN
OLNHWKHSHJ"·6KHUHSOLHG¶,ZRXOGZDQWWKHÀQDOGUDZLQJWRQRWEHDÀQDOGUDZLQJEXWWR
EHWKHHYLGHQFHVRUWRI HUPDGHYLVLEOHRI P\XQLTXHH[SHULHQFHRI KRZ,·PVHHLQJDQG
XQGHUVWDQGLQJWKDWSHJWREH·/\RQVPLQVV6KHFRQWLQXHG¶«DQGRI LWEHLQJ
DERXWPHJHWWLQJWRNQRZWKHSHJVRWKDWLI ,GUHZWKDWQRZLWZRXOGQRWEHWKHVDPHDVLI ,
GUHZLWWRPRUURZRUWKHQH[WGD\RUWKHQH[WGD\HYHQLI LWZDVLQWKHVDPHSODFHDQGDWWKH
VDPHWLPHRI GD\·/\RQVPLQVV
/\RQV·ZD\RI GUDZLQJLVDPRGHORI HQDFWLYHGUDZLQJZKHUHWKHGUDZLQJSURFHVVLVRQH
RI HQJDJHPHQWZLWKWKHREMHFW7RWKLVHQGKHUH\HORFNVRQWRWKHVXEMHFWIRFXVLQJRQ
WKHFRQQHFWLRQDQGGLVFRYHU\PDGHWKURXJKWKLV7KHSULQFLSOHEHKLQGWKLV¶EOLQGGUDZLQJ·
PHWKRGLVWKHPDLQWHQDQFHRI WKHFRQQHFWLRQZLWKWKHREMHFWDQGWKHUHVXOWLQJFDSDFLW\WR
GUDZDFFXUDWHO\7KHFRQQHFWLRQVEHWZHHQWKHWKUHHHOHPHQWVWKHH\HWKHKDQGDQGWKHREMHFW
DUHNH\$QGWKHVHGHSHQGRQRUFKHVWUDWLRQRI WKHZKROHERG\LQWKHHQYLURQPHQWWRSURYLGH
WKHQHFHVVDU\FRQGLWLRQVIRUGUDZLQJ
Drawing as perception
7KHWKHVLVSURSRVHVWKDWGUDZLQJLVLWVHOI DSHUFHSWXDOH[SHULHQFH:KHQFRQFHLYHGDVDPRGH
RI H[SORUDWLRQWKHGLVWLQFWLRQVEHWZHHQH\HDQGKDQGEHJLQWREUHDNGRZQÀUVWO\DOORZLQJXV
WRUHFRJQL]HWKDWERWKDUHPRWRUDJHQWVZLWKWKHSRZHUWRIRFXVDWWHQWLRQ%RWKWKHH\HDQG
KDQGHQJDJHLQH[SORUDWLRQ¶6LWXDWHGFRJQLWLRQ·UHFRJQL]HVWKDWSHUFHSWLRQLVHQWZLQHGZLWK
DFWLRQHYHQWKDWLWFDQEHGHÀQHGDVDIRUPRI DFWLRQ'UDZLQJWKHRULVW0F*XLUNUHIHUVWR
GHVFULSWLYHGUDZLQJDVDKHLJKWHQHGPRGHRI SHUFHSWLRQS7KLVLVP\FRQWHQWLRQ
:HGRQRWGUDZIURPSHUFHSWLRQRUGUDZRXUSHUFHSWLRQVZHSHUFHLYH7KLVLVWKHWKHRUHWLFDO
IRXQGDWLRQIRUWKHGUDZLQJPHWKRGGHYHORSHGLQ&KDSWHUZKLFKH[SORUHVDQGGHYHORSVWKH
SUHPLVHWKDWGUDZLQJLVDIRUPRI SHUFHSWLRQ
5HFHQWO\VHYHUDOSUDFWLFHEDVHGUHVHDUFKHUVKDYHDUJXHGWKDWQHZNQRZOHGJHLVJHQHUDWHG
WKURXJKGUDZLQJVHH&DLQ0F'RQDOG0F*XLUNIRFXVHVRQGUDZLQJDVD
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NQRZOHGJHSURGXFLQJDFWLYLW\ZLWKSDUWLFXODUUHIHUHQFHWR1Rs·VHQDFWLYHYLHZ+HSURSRVHV
WKDWGUDZLQJLVDIRUPRI NQRZOHGJHDQGWKHQJRHVRQWRFRQWHQGWKDWSHUFHSWLRQLVDQ
LQKHUHQWSDUWRI NQRZOHGJHSURGXFWLRQ$VKHSRLQWVRXWNQRZOHGJHSURGXFWLRQLVIRU
REYLRXVUHDVRQVJLYHQDORWRI DWWHQWLRQLQDFDGHPLDDQGKHQFHGUDZLQJUHVHDUFKKDVRIWHQ
IRFXVHGRQWKHHSLVWHPRORJLFDOFRQWULEXWLRQRI GUDZLQJSUDFWLFHUDWKHUWKDQRQVHQVRU\
DQGSHUFHSWXDOSURFHVVHV:KHQDV0F*XLUNGRHVZHDFNQRZOHGJHWKDWSHUFHSWLRQLVDQ
HPERGLHGZD\RI WKLQNLQJUHVHDUFKVXFKDVPLQHEHFRPHVUHOHYDQWWRFRQWHPSRUDU\FRQFHUQV
DERXWNQRZOHGJHSURGXFWLRQ
,QWKLVYLHZQRWRQO\LVSHUFHSWLRQDFWLYHLWLVLQIDFWLQGLVWLQJXLVKDEOHIURP
WKHVHQVRU\PRWRUDFWLRQRI ZKLFKLWLVFRPSRVHGDQGPRUHRYHUDQGWKLV
LVDUDGLFDOLQVLJKWLWLVLQGLVWLQJXLVKDEOHIURPWKRXJKWLWVHOI7KLVDSSURDFK
UHKDELOLWDWHVWKHFODLPRI PDQ\HPERGLHGDQGVLWXDWHGPDNLQJDFWLYLWLHVWR
EHFRQVLGHUHGZD\VRI WKLQNLQJ0F*XLUNS
+HLGHJJHUVXJJHVWVWKDWWKLQNLQJLWVHOI LVOLNHEXLOGLQJ
3HUKDSVWKLQNLQJWRRLVMXVWVRPHWKLQJOLNHEXLOGLQJDFDELQHW$OOWKH
ZRUNRI WKHKDQGLVURRWHGLQWKLQNLQJ7KHUHIRUHWKLQNLQJLWVHOI LVPDQ·V
VLPSOHVWDQGIRUWKDWUHDVRQKDUGHVWKDQGLZRUN+HLGHJJHUS
2EVHUYDWLRQDOGUDZLQJLVERWKDPHDQVRI EXLOGLQJDQGRI WKLQNLQJ0F*XLUNDOVRUHFRJQLVHV
WKH¶K\SRWKHVLVWHVWLQJ·QDWXUHRI ERWKSHUFHSWLRQDQGREVHUYDWLRQDOGUDZLQJ
«WKHUHLVDFRUUHODWLRQEHWZHHQZKDW1RsXQGHUVWDQGVDVWKHG\QDPLFVRI 
SHUFHSWLRQDQGWKHG\QDPLFVRI GHVFULSWLYHGUDZLQJEHFDXVHGHVFULSWLYH
GUDZLQJGHPDQGVWKHVDPHNLQGRI DFWLYHVHDUFKLQJUHDFKLQJSURELQJDQG
WHVWLQJWKDW1RsUHFRJQLVHVLQRUGLQDU\ORRNLQJ·0F*XLUNS
0F*XLUNVXJJHVWVWKDWGUDZLQJGHVHUYHVDQ¶«HSLVWHPRORJLFDOVWDWXVDVDKHLJKWHQHGPRGH
RI SHUFHSWXDOO\EDVHGWKLQNLQJ«·0F*XLUNSZKLOH1RsVWDWHVWKDW¶SHUFHSWLRQDQG
SHUFHSWXDOFRQVFLRXVQHVVDUHW\SHVRI WKRXJKWIXONQRZOHGJHDEOHDFWLYLW\·1RsS
5.3 Proposition of  enactive motor model of  
drawing, for testing by practice 
7KHWKHRUHWLFDOIUDPHZRUNRIIHUVDQDOWHUQDWLYHWR¶ZLWKGUDZLQJ·GLVWDQFLQJPHWKRGVVXFK
DVPHDVXULQJZLWKDSHQFLORUÁDWWHQLQJWKHGLPDJHXVLQJ$OEHUWL·VGUDZLQJIUDPHE\
SURSRVLQJDSRVVLEOHQHZUHODWLRQVKLSEHWZHHQWKHH\HDQGWKHREMHFWWKHH[WHUQDOYLVLEOH
ZRUOGDQGWKHKDQG
$QHZFKDUDFWHULVDWLRQRI H\HKDQGLQWHUDFWLRQHQWDLOV
• 3DXVLQJDQGVHJPHQWDWLRQDVNH\VWRWKHVNLOO
• 6KDUHGSHUFHSWXDODQGPRWRUUROHVIRUWKHH\HDQGKDQG
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• $QHQDFWLYHYLHZRI SHUFHSWLRQZKHUHE\SHUFHSWLRQRFFXUVZLWKLQDFWLRQUDWKHUWKDQSULRU
WRDFWLRQ
7KLVQHZFKDUDFWHULVDWLRQKDVWKHSRWHQWLDOWRLQIRUPGUDZLQJWHDFKLQJE\LQWHJUDWLQJ
SHUFHSWLRQDQGDFWLRQSURSRVLQJWKDWPRYHPHQWDQGVWLOOQHVVRI WKHERG\GXULQJGUDZLQJ
FRQWULEXWHWRSHUFHSWXDOOHDUQLQJWKURXJKGUDZLQJ
,QWHUHVWLQJO\REVHUYDWLRQDOGUDZLQJLPSRVHVUHVWULFWLRQVRQPRYHPHQWDQGSHUFHSWLRQ
EHFDXVHLQRUGHUWRPDLQWDLQWKHVDPHYLHZRQHKDVWRNHHSWKHERG\LQWKHVDPHSRVLWLRQ
3HUFHSWLRQGHSHQGVRQPRYHPHQWRI WKHERG\WKHUHIRUHWKLVVWLOOQHVVPHDQVWKDWWKHH\HDQG
KDQGÀQGSDUWLFXODUZD\VRI ZRUNLQJLQRUGHUWRXQGHUVWDQGWKHYLVLEOH1RsZULWHVWKDW
3HUFHLYHUVKDYHDQLPSOLFLWSUDFWLFDOXQGHUVWDQGLQJRI WKHZD\PRYHPHQWV
SURGXFHFKDQJHVLQVHQVRU\VWLPXODWLRQ7KH\DOVRKDYHDQLPSOLFLWSUDFWLFDO
XQGHUVWDQGLQJWKDWWKH\DUHFRXSOHGWRWKHZRUOGLQVXFKDZD\WKDW
PRYHPHQWVSURGXFHVHQVRU\FKDQJH1RsS
1RsGUDZVWRRXUDWWHQWLRQWKHHPERGLPHQWRI SHUFHSWLRQZLWKLQDFWLRQDQGSDUWLFXODUO\WKH
LPSRUWDQFHRI PRYHPHQWRI WKHERG\IRUGLVDPELJXDWLRQRI YLVXDOVWLPXOL7KLVUDLVHVIRU
REVHUYDWLRQDOGUDZLQJWKHFUXFLDOTXHVWLRQRI WKHLPSDFWRI QRQPRYHPHQWRQSHUFHSWLRQ
,QGUDZLQJPRYHPHQWLVKLJKO\UHVWULFWHGJHQHUDOO\WRWKHH\HDQGKDQG7KHSUDFWLWLRQHU
NHHSVKHUKHDGVWLOO7KLVPHDQVWKDWSDUWLFXODUYLVXDODPELJXLWLHVWKDWZRXOGQRUPDOO\EH
UHVROYHGE\PRYHPHQWFDQQRWEH7KHSURJUHVVRI WKHDUJXPHQWOHDGVXVWRDVNZKHWKHUWKH
VWLOOQHVVRI GUDZLQJLVWKHLPSRUWDQWIDFWRUPDNLQJLWDQHVSHFLDOZD\RI VHHLQJUDWKHUWKDQWKH
PRYHPHQWVRI WKHKDQGDQGH\H1RsSRLQWVRXWWKDW
3HUFHLYHUVFRQWLQXRXVO\PRYHDERXWDQGPRGLI\WKHLUUHODWLRQWRWKH
HQYLURQPHQW7KH\GRWKLVLVLQRUGHUWRJHWEHWWHUYDQWDJHSRLQWVDQGWR
EULQJWKHPVHOYHVLQWRFRQWDFWZLWKWKHUHOHYDQWGHWDLOZKLFKLVRI LQWHUHVW
1RsS
+LVDUJXPHQWIRUWKHFUXFLDOUROHRI PRYHPHQWLQSHUFHSWLRQDQGSHUFHSWXDOOHDUQLQJOHG
PHWRWKHLQVLJKWWKDWWKHSDUWLFXODUFRQGLWLRQVRI REVHUYDWLRQDOSHUVSHFWLYDOGUDZLQJDUH
H[WUDRUGLQDU\LQWKDWWKH\UHVWULFWPRYHPHQWRI WKHERG\WKXVUHVWULFWLQJDFFHVVWRQRUPDO
ZD\VRI FODULI\LQJYLVLRQ7KHGUDZHUHQWHUVDQH[WUDRUGLQDU\ZRUOGZKHUHRQO\KHDGDQG
KDQGPRYHPHQWVDUHDYDLODEOHDVSHUFHSWXDODJHQWV,QHIIHFWWKHGUDZHULVGLVDEOHG7KLVOHDGV
XVWRWKHSRVVLELOLW\WKDWVHQVRU\VXEVWLWXWLRQPD\RFFXULQGUDZHUVLQDZD\VLPLODUWRWKDW
IRXQGE\%DFK\5LWDLQSHRSOHZKRKDYHORVWDFFHVVWRRQHRUPRUHVHQVH )RUWKHGUDZHU
WKHLULPSOLFLWSUDFWLFDOXQGHUVWDQGLQJLVRWKHUWKDQWKDWRI WKHJHQHUDOHYHU\GD\SHUFHLYHU,WLV
DQXQGHUVWDQGLQJRI WKHZD\H\HDQGKDQGPRYHPHQWVDORQHFDQFKDQJHVHQVRU\VWLPXODWLRQ
DQGFUHDWHXVHIXOPHDQLQJIXOSHUFHSWV$VZHOODVXQGHUVWDQGLQJWKDWWKH\DUHFRXSOHGWRWKH
ZRUOGWKH\XQGHUVWDQGWKDWWKHH\HDQGKDQGDUHFRXSOHGLQDQH[WUDRUGLQDU\GDQFHDORQH
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FRQIURQWLQJWKHWDVNRI PDNLQJPHDQLQJRI VHQVDWLRQLQVSDFHDQGWLPH
7KHSHUFHSWQHHGVFODULÀFDWLRQ,QHIIHFWWKHH\HDQGKDQGKDYHWRGRWKHZRUNWKHZKROH
ERG\ZRXOGQRUPDOO\GRIRUH[DPSOHÀQGLQJZD\VWRSHUFHLYHGHSWKRFFOXVLRQDQG
GLVWLQJXLVKEHWZHHQÀJXUHDQGJURXQGZLWKRXWPRYLQJWKHERG\LQVSDFH+HQFHLQDQVZHUWR
WKHUHVHDUFKTXHVWLRQ¶ZKDWLVWKHLPSDFWRI REVHUYDWLRQDOGUDZLQJSUDFWLFHRQSHUFHSWLRQ"·
,SURSRVHWKDWE\SUDFWLVLQJD¶ÀQHWXQHGGHWDLOHGORRNLQJ·DQGDVWLOOQHVVRI WKHERG\ZH
GHYHORSSDUWLFXODUDQGXQXVXDOSHUFHSWXDOVNLOOVRI WKHH\HDQGKDQG)XUWKHUPRUHWKHGUDZLQJ
SUDFWLWLRQHUOHDUQVDERXWSHUFHSWXDOSURFHVVHVE\WKLVVHOILPSRVHGSK\VLFDOUHVWULFWLRQ6KH
GLVFRYHUVKRZWKLQJVORRNIURPDVWLOOSRLQWRI YLHZKRZDYHU\VPDOOPRYHPHQWRI WKH
KHDGFDQGLVWLQJXLVKDQREMHFWIURPWKHJURXQGDQGOHDUQVWRFRQYH\GLPHQVLRQDOLW\LQ
GLPHQVLRQV
5.4 Discussion
$QHQDFWLYHFKDUDFWHULVDWLRQRI WKHGUDZLQJSURFHVVFKDOOHQJHVORQJKHOGYLHZVSULRULWLVLQJ
DQGLVRODWLQJRFXODUYLVLRQWDNLQJGUDZLQJLQWRDKDSWLFWHPSRUDODQGVSDWLDODUHQDZKHUHZH
EHJLQWRGLVFXVVGUDZLQJ·VFXUUHQWDQGSRWHQWLDOFRQWULEXWLRQIRUPXOWLVHQVRU\SHUFHSWXDODQG
FRJQLWLYHOHDUQLQJ
$OWKRXJKGUDZLQJLVUHFRJQLVHGDVDSURFHVVRI GLVFRYHU\DVZHOODVRI GHSLFWLRQWKH
WKHRUHWLFDOXQGHUSLQQLQJRI WKLVLVXQGHUGHYHORSHGLQWHUPVRI GUDZLQJ·VSDUWLFXODUSHUFHSWXDO
SRZHUDQGKRZGLVFRYHULHVDUHPDGH2EVHUYDWLRQDOGUDZLQJVORZVWKHSHUFHSWXDOSURFHVV
GRZQGUDZLQJLWRXWHQDEOLQJFDSWXUHRI GHWDLODIRFXVLQJRI DWWHQWLRQDQGDÀQHWXQLQJRI 
WKHKDQGDQGH\H/LNH7DL&KLREVHUYDWLRQDOGUDZLQJWXQHVWKHERG\GHYHORSVPLQGIXOQHVV
RI ERGLO\DQGWHPSRUDOSURFHVVHVDQGRI SHUFHSWLRQ
&RQWHPSRUDU\GUDZLQJSUDFWLFHLVLQWHUHVWHGLQJHVWXUHDQGWKHSK\VLFDOLW\RI GUDZLQJEXWLW
VHHPVWKDWWKLVÀHOGRI SHUIRUPDWLYHGUDZLQJGLVWDQFHVLWVHOI IURP¶WUDGLWLRQDO·REVHUYDWLRQDO
GUDZLQJUDWKHUH[SORULQJFRQQHFWLRQVEHWZHHQGDQFHDQGGUDZLQJZLWKWKHZKROHERG\DQG
ÀJKWLQJIRUDQH[SDQGHGGHÀQLWLRQZKHUHLQDOOERGLO\PRYHPHQWLVFRQVLGHUHGWREHGUDZLQJ
$SSO\LQJVRPHRI WKHLULQVLJKWVDQGPHWKRGVWRPRUHFRQYHQWLRQDOIRUPVRI REVHUYDWLRQDO
GUDZLQJPD\VKHGOLJKWRQSHUFHSWXDOSURFHVVHVDQGRIIHUQHZZD\VRI GUDZLQJ3DULQJ
EDFNDFWLRQWRWKHH\HDQGKDQGLVDSDUWLFXODUDQGIRFXVHGZD\RI HQJDJLQJSHUKDSVDNLQWR
PDUNLQJDQDEEUHYLDWHGIRUPRI GDQFHSUDFWLFHLQGDQFHUHKHDUVDODVH[SORUHGH[WHQVLYHO\E\
FRJQLWLYHVFLHQWLVW'DYLG.LUVKVHH.LUVK
,QWKHIROORZLQJFKDSWHU,H[SORUHWKHWHPSRUDOSURJUHVVLRQRI REVHUYDWLRQDOGUDZLQJZLWKLQ
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WKHIUDPHZRUNRI QDYLJDWLRQDOV\VWHPVLH,FRQVLGHUGUDZLQJDVDIRUPRI QDYLJDWLRQ'R
GUDZHUVXVHVRPHIRUPRI PDSRUGRWKH\IHHOWKHLUZD\E\RULHQWLQJWKHPVHOYHVWRPDUNHUV
LQWKHHQYLURQPHQW"2EVHUYDWLRQDOGUDZLQJFDQXVHWKHH[WHUQDOREMHFWRUVFHQHDVWKHPDSRU
SURJUHVVGHWDLOE\GHWDLORULHQWLQJOLQHZLWKSUHYLRXVOLQHV7KHODWWHUKDVPRUHWKHIHHOLQJRI 
GLVFRYHULQJWKHZKROHQHVVRI WKHREMHFWDV\RXGUDZUDWKHUWKDQWU\LQJWRUHSUHVHQWWKHZKROH
REMHFWZLWKDSUHFRQFHSWLRQRI WKHZKROH2QHGUDZVWKHGHWDLOVH[SORULQJKRZWKH\ZLOODGG
XSDQGFRPSDULQJLWZLWKWKHDUWLFXODWLRQRI WKHH[WHUQDOREMHFW,WLVOLNHFRPSOHWLQJD6XGRNX
SX]]OHDQGHGXFWLYHSURFHVVEXLOGLQJXSIURPWKHSDUWVZKHUHLI \RXWDNHFRUUHFWVWHSVWKH
VROXWLRQZLOOHPHUJHGHSHQGHQWRQDOOWKHSDUWVÀWWLQJWRJHWKHU
,WLVZRUWKFRQVLGHULQJKRZGLIIHUHQWFRJQLWLYHDQGSUDFWLFDODSSURDFKHVWRGUDZLQJPLJKW
UHODWHIRUH[DPSOHZRXOGDVKLIWLQDSSURDFKIDFLOLWDWHDPRUHGLUHFWFRQQHFWLRQEHWZHHQKDQG
DQGH\H":KHUHGRHVGUDZLQJSHGDJRJ\VWDQGZLWKLQWKHQHZHQDFWLYHYLHZRI SHUFHSWLRQ"
'RZHQHHGWRUHWKLQNWKHSHUVSHFWLYHWKDWGUDZLQJLV¶DOODERXWORRNLQJ·"2UFDQZHUHGHÀQH
¶ORRNLQJ·WRLQFRUSRUDWHWKHSHUFHSWXDOFRQWULEXWLRQRI WKHKDQG",QWKHVDPHZD\WKDWEOLQG
SHRSOHVHHZLWKWKHLUKDQGVGRGUDZHUVGHYHORSDV%ULGJHW5LOH\VXJJHVWVDVSHFLDOVLJKW
WKURXJKWKHLUSHQFLOV"
:KHQLQWHUSUHWHGXVLQJ*UHJRU\·VUHVHDUFKPRGHORI YLVLRQWKHH\HFDQEHXQGHUVWRRGWREH
UHSHDWHGO\FKHFNLQJIRUHUURUVWU\LQJRXWYLVXDOK\SRWKHVLVE\VXJJHVWLQJSDWKVRI GUDZLQJ
WRWKHKDQGDQGFKHFNLQJZKHWKHUWKH\ÀWZLWKDWKHSODQEWKHDSSHDUDQFHRI WKHWKLQJ
WKHOLQHLVDLPLQJWRUHSUHVHQW,VWKHLPDJLQHGOLQHDJRRGPDWFKZLWKWKHH[WHUQDOREVHUYHG
OLQH":DVLWDJRRGSODQ"'LGWKHKDQGH[HFXWHLWZHOO"7KLVWDOOLHVZLWKDUWLVWV·DFFRXQWVRI 
WKHGUDZLQJSURFHVVDVRQHRI H[SORUDWLRQDQGWULDODQGHUURUDQGRQHLQZKLFKWKHGUDZQ
OLQHPD\LQIRUPWKHH\HRI SRVVLEOHSHUFHSWXDOHUURUV7KHLPSRUWDQWSRLQWWREHDULQPLQGLV
WKDWHYHU\GD\RFXODUYLVLRQLVXQGHUGHWHUPLQHGLHLWGRHVQRWRIIHUHQRXJKLQIRUPDWLRQWR
VXSSRUWGUDZLQJ7KLVLVWKHOLQHRI DUJXPHQWWKDWWKHWKHVLVSXUVXHVVXJJHVWLQJWKDWWKHKDQG
DQGH\HPXWXDOO\LQIRUPRQHDQRWKHU,WLVWKLVFRQWULEXWLRQE\WKHKDQGWKDWXQGHUSLQVWKH
DUJXPHQWIRUFKDQJHVLQSHUFHSWLRQEURXJKWDERXWE\GUDZLQJSUDFWLFH²WKHKDQGPDQLIHVWV
ZKDWWKHH\HEHOLHYHVLWVHHV²GRHVWKHH\HDJUHH",I QRWWKHH\HDVNVDQRWKHUTXHVWLRQRI 
WKHH[WHUQDOREMHFWDQGWULHVWRÀQGRXWPRUH7KHUDGLFDOSURSRVLWLRQIURPVFLHQFHLVWKDWLI 
WKHSODQLVHQFRGHGDVDYLVXRPRWRUSODQLWLVOHVVYXOQHUDEOHWRWKHHIIHFWVRI YLVXDOLOOXVLRQ
5HFHQWVFLHQWLÀFHYLGHQFHVXJJHVWVWKLVLVWKHFDVHVHHThink global, act local.)D\HQD7DZLOHW
DOLQZKLFKFDVHLWLVYHU\FOHYHURI KXPDQVWRXVHHOHPHQWVRI WKHPRWRUV\VWHPWR
OLPLWHUURUVWKHYLVXDOV\VWHPPD\PDNH*UHJRU\SRLQWVWKLVRXWLQWKHFDVHRI HOXFLGDWLRQ
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RI YLVLRQE\JUDVSLQJDQGDV%HHWVHWDOIRXQGSK\VLFDOO\HQJDJLQJZLWKREMHFWVFODULÀHVWKH
SHUFHSW
7KHHQDFWLYHYLHZRI SHUFHSWLRQKROGVWKDWSHUFHSWLRQLVDIXQFWLRQRI DFWLRQDVGLVWLQFWIURP
WKHLQSXWRXWSXWYLHZZKHUHE\SHUFHSWLRQSUHFHGHVDFWLRQ7RWKLVHQGZHQHHGWRDWWHQGWR
WHPSRUDODVSHFWVRI WKHH[HFXWLRQRI GUDZLQJWRJDLQLQVLJKWLQWRWKLVDFWLRQDQGWRH[SORUH
IHHGEDFNDQGLWHUDWLYHSURFHVVHV,I ZHDFFHSWWKDWSHUFHSWLRQRFFXUVLQDFWLRQZHFDQDUJXH
WKDWGUDZLQJLVLWVHOI DPRGHRI SHUFHSWLRQFRRUGLQDWLQJPRYHPHQWVDQGVWLOOQHVVRI WKHH\H
WKHKDQGDQGERG\'UDZLQJGRHVQRWVLPSO\XVHSHUFHSWLRQWKHGUDZLQJLWVHOI LVSHUFHSWD
PXOWLVHQVRU\SHUFHSW7KHDUJXPHQWDJDLQVWWKLVLVWKDWSHUFHSWVRQO\H[LVWLQWKHPLQG1Rs
DQG2·5HJDQSUHVHQWDFRPSHOOLQJDUJXPHQWWKDWPXFKRI SHUFHSWLRQDQGWKLQNLQJUHOLHV
RQH[WHUQDOUHSUHVHQWDWLRQVUDWKHUWKDQPHQWDOUHSUHVHQWDWLRQV:KHQSRVVLEOHZHXVHWKH
H[WHUQDOZRUOGDVZRUNLQJPHPRU\²WKLVLVOLNHVWUHDPLQJDÀOPUDWKHUWKDQGRZQORDGLQJLW
:HFDQZDWFKLWEHFDXVHLWLVWKHUHLQWKHSUHVHQW7KHUHIRUHZHGRQRWQHHGWRFUHDWHDPHQWDO
UHSUHVHQWDWLRQRI LW,QREVHUYDWLRQDOGUDZLQJZHFDQFRQWLQXDOO\UHIHUWRWKHREMHFWIRUIUHVK
LQIRUPDWLRQGULSIHHGLQJWKHSURFHVV
7KHIROORZLQJFKDSWHUSXWVWKHHQDFWLYHPRGHOLQWRSUDFWLFH7KHVWXG\GHYHORSHGDQHZZD\
RI WHDFKLQJGUDZLQJWKDWEULQJVWKHKDQGEDFNLQWRWKHSLFWXUHDQGDWWHQGVWRWKHSK\VLFDO
EDVHVRI GUDZLQJDQGFRQVLGHUHGKRZWKLVFDQEHWDXJKW$VDGUDZLQJSUDFWLWLRQHUDQG
WHDFKHU,KDGTXHVWLRQHGWHDFKLQJPHWKRGVSDUWLFXODUO\WKHUDWLRQDOHVRIIHUHGLQWHUPVRI 
SHUFHSWXDODQGFRJQLWLYHWKHRU\)RUH[DPSOH(GZDUGV·SURSRVLWLRQRI XVLQJWKHULJKWEUDLQ
5XVNLQ·VDGYRFDWLRQRI WKHLQQRFHQWH\HDQGWKHFHQWUDOLGHDWKDWRQHGUDZVIURPPHPRU\
HYHQZKHQGUDZLQJIURPOLIH7RTXHVWLRQWKHVHSHUFHSWXDOSDUDGLJPV,GHYHORSHGWHDFKLQJ
SUDFWLFHVDQGGUDZLQJLQVWUXFWLRQVZKLFKZHUHXQGHUSLQQHGE\XQGHUVWDQGLQJRI WKHWKHRULHV
DQGÀQGLQJVIURPVFLHQWLÀFVWXG\DVGLVFXVVHGDERYHHQDFWLYHYLVLRQWKHRU\RI 1RsDQG
2·5HJDQ*UHJRU\·VPRGHORI YLVLRQDVK\SRWKHVLVWHVWLQJDQG7FKDOHQNR·VK\SRWKHVHVDERXW
VHJPHQWDWLRQ¶EOLQG·GUDZLQJDQGYLVXRPRWRUHQFRGLQJRI LQIRUPDWLRQ
7KHPRGHOHPSKDVLVHVPHDVXULQJE\WKHH\HDVWRXFKHGRQE\5XVNLQDQGPDNHVH[SOLFLW
WKHIDFWWKDWWKHKDQGDQGH\HPXWXDOO\PHDVXUHDQGDQDO\VH7KLVOHDGVWRWKHLGHDWKDWWKH\
EHFRPHPRUHDOLNHOHDUQLQJIURPRQHDQRWKHUDERXWPRYHPHQWWLPLQJVSDFHDQGWRXFK
:KHQZHWU\WRGHÀQHWKHFRPSOH[SHUFHSWXDOUHTXLUHPHQWVIRUOLQHGUDZLQJIURPOLIHUDWKHU
WKDQDVVHUWDQ\QRWLRQRI IRUJHWWLQJDQGLQQRFHQFH,VXJJHVWWKDWDUWLVWVQHHGWRGHYHORSD
QHZWHPSRUDOZD\RI HQJDJLQJZLWKWKHZRUOGDQGREMHFWVVSHFLÀFWRWKHWDVNRI GUDZLQJ
PRUHGHWDLOHGDQGVORZHGGRZQGUDZQRXW(QDFWLYHREVHUYDWLRQDOGUDZLQJLVDERXWJURZWK
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DQGFKDQJHUDWKHUWKDQFDSWXUH,QJROGZULWHV¶,QJURZWKWKHSRLQWEHFRPHVDOLQHEXWWKH
OLQHIDUIURPEHLQJPRXQWHGXSRQWKHSUHSUHSDUHGVXUIDFHRI WKHJURXQGFRQWULEXWHVWRLWV
HYHUHYROYLQJZHDYH·,QJROGS,Q,QJROG·VZRUGVGUDZLQJFDQXQORFNWKHZRUOG
7KRXJKZHPD\RFFXS\DZRUOGIXOORI REMHFWVWRWKHRFFXSDQWWKH
FRQWHQWVRI WKHZRUOGDSSHDUDOUHDG\ORFNHGLQWRWKHLUÀQDOIRUPVFORVHG
LQXSRQWKHPVHOYHV,WLVDVWKRXJKWKH\KDGWXUQHGWKHLUEDFNVRQXV7R
LQKDELWWKHZRUOGE\FRQWUDVWLVWRMRLQLQWKHSURFHVVHVRI IRUPDWLRQ
,QJROGSS
:LWKRXWDQHPERGLHGIUDPHZRUNZKHUHLQWKHKDQGDQGERG\DUHDFNQRZOHGJHGDVWKLQNLQJ
DQGSHUFHSWXDOREVHUYDWLRQDOGUDZLQJGRHVQRWKDYHDOHJWRVWDQGRQZLWKLQFRQWHPSRUDU\
GUDZLQJWKHRU\DQGFRJQLWLYHVFLHQFH
7RVXPPDULVHDQHQDFWLYHIUDPHZRUNIRUWKHVWXG\RI GUDZLQJLQFOXGHVFRQVLGHUDWLRQRI ¶WKH
OHJV·RI GUDZLQJKRZPRYHPHQWVDQGVWLOOQHVVRI GUDZLQJSOD\RXWLQWLPHDQGVSDFHWKH
LQWHUDFWLRQEHWZHHQWKHGUDZHU·VERG\DQGWKHGUDZQREMHFWDQGWKHLQWHUDFWLRQEHWZHHQ
H\HDQGKDQG,EHJDQE\DVNLQJZKDWZRXOGDQHQDFWLYHPRGHORI REVHUYDWLRQDOGUDZLQJ
ORRNOLNH:KDWDUHWKHFRQGLWLRQVRI REVHUYDWLRQDOGUDZLQJDQGZKDWLVHQDFWLYHGUDZLQJ",Q
RWKHUZRUGVZKDWGUDZLQJSURFHVVHVDUHLPSOLHGE\DQHQDFWLYHYLHZ,IDVDFFRUGLQJWRWKH
HQDFWLYHYLHZDFWLRQFRQWDLQVSHUFHSWXDOFRQWHQWZKHUHFDQZHÀQGWKLVLQWKHPRYHPHQWV
RI GUDZLQJ"7KHGHEDWHDERXWZKHWKHUWKHNH\WRGUDZLQJLV¶ORRNLQJ·LVUHVROYHGE\VKRZLQJ
WKDWWKHKDQGFRQWULEXWHVWRYLVXDOSHUFHSWLRQDQGLVQRWPHUHO\DPRWRUDJHQW%\XVLQJ
GUDZLQJLWVHOI DVDUHVHDUFKWRRO,H[SORUHGWKHUHODWLRQVKLSVEHWZHHQSHUFHSWLRQDQGDFWLRQ
DQGWKHKDQGDQGH\HXVLQJDFRPELQDWLRQRI UHÁHFWLYHDQGFRQFHSWXDOGUDZLQJSUDFWLFH$VD
UHVXOW,GHYHORSHGDQHQDFWLYHK\SRWKHVLVUHODWLQJWRWKHFRQGLWLRQVRI REVHUYDWLRQDOGUDZLQJ
DQGWKHGHYHORSPHQWRI D¶VSHFLDOZD\RI ORRNLQJDWWKLQJV·7KHK\SRWKHVLVSRVLWVWKDW
DFFXUDWHGUDZLQJKLQJHVRQUK\WKPRQLQWHUDFWLRQVRI WKHH\HDQGKDQGDQGRQPRPHQWVRI 
VWLOOQHVVSUHFLVHO\WLPHGDQGSODFHG,SXWWKLVK\SRWKHWLFDOPRGHOLQWRSUDFWLFHLQP\WHDFKLQJ
LQVWUXFWLRQRXWOLQHGLQ&KDSWHU0\FRQFOXVLRQLVWKDWORRNLQJLQYROYHVWKHZKROHERG\
:KDWPDNHV¶ORRNLQJIRUGUDZLQJ·DQH[WUDRUGLQDU\IRUPRI SHUFHSWLRQLVWKHRUFKHVWUDWLRQRI 
H\HKDQGDQGERG\PRYHPHQWVDQGWKHFRQYHUVDWLRQEHWZHHQH\HKDQGPLQGDQGREMHFW
224 225
)LJ6WULQJEHWZHHQH\HDQGKDQG
Chapter 6  Development of  a motor-based drawing 
method
6.1 Introduction
7KLVFKDSWHUGRFXPHQWVDQGLOOXVWUDWHVWKHGHYHORSPHQWRI P\GUDZLQJPHWKRGVKRZLQJ
KRZLWXVHVPRWRUEDVHGLQVWUXFWLRQVIRUREVHUYDWLRQDOGUDZLQJLQIRUPHGE\UHFHQWÀQGLQJV
IURPFRJQLWLYHVFLHQFHDQGIURPWKLVVWXG\7KHUHVHDUFKTXHVWLRQVSUDQJIURPP\RZQ
GUDZLQJSUDFWLFHDQGLWVLPSDFWRQP\SHUFHSWLRQDVZHOODVP\0DVWHUVGUDZLQJUHVHDUFK
SURMHFWZKLFKH[SORUHGPRWRUOHDUQLQJLQREVHUYDWLRQDOGUDZLQJDQGSLDQRSOD\LQJ0\ÀUVW
VWHSLQWKLVSUDFWLFDOSKDVHRI UHVHDUFKZDVWRWUDQVODWHVFLHQWLÀFÀQGLQJVIURPWKH'UDZLQJ
DQG&RJQLWLRQ3URMHFW'&3LQWRGUDZLQJLQVWUXFWLRQV%\IUDPLQJREVHUYDWLRQDOGUDZLQJ
DVDPDWWHURI PRYHPHQWDQGLQWHUDFWLRQP\SUDFWLFHH[SORUHGWKHUROHRI WKHKDQGWKH
FRPPXQLFDWLRQFKDQQHOEHWZHHQWKHH\HDQGKDQGDQGWKHUHODWLRQVKLSEHWZHHQSHUFHSWLRQ
DQGDFWLRQ,VSHFLÀFDOO\H[SORUHGKRZ7FKDOHQNRDQG0LDOO·VVFLHQWLÀFÀQGLQJVDERXWPRWRU
HQFRGLQJH\HKDQGLQWHUDFWLRQDQGVHJPHQWDWLRQRI WKHLPDJHPLJKWLQIRUPWHDFKLQJ
SUDFWLFH7KLVVFUXWLQLVHGWKHVFLHQWLÀFÀQGLQJVLQSUDFWLFHDVNLQJKRZIXOO\WKH\PRGHOWKH
REVHUYDWLRQDOGUDZLQJSURFHVVDQGKRZHIIHFWLYHWKH\DUHIRUWHDFKLQJ,GHYHORSHGDGUDZLQJ
PHWKRGEDVHGRQLQVWUXFWLRQVWRVHJPHQWWKHLPDJHWRGUDZVORZO\DQGWRDGRSWDVSHFLÀF
SDWWHUQRI H\HDQGKDQGPRYHPHQWV&UXFLDOO\,IRXQGWKDW,QHHGHGWRDGGIHHGEDFNDQG
DVVHVVPHQWHOHPHQWVWRWKHPRGHOWRPDNHLWHIIHFWLYH7KHQHZPHWKRGRIIHUVDQDOWHUQDWLYH
DUJXDEO\HDVLHUZD\WROHDUQWRGUDZZLWKRXWWKHQHHGIRUDQDO\WLFDOPHDVXULQJWHFKQLTXHV
DQGFDOFXODWLRQV%\VKLIWLQJWKHIRFXVIURPFRJQLWLYHWRSK\VLFDOEHKDYLRXUWKHPHWKRG
UHOLHVRQDQDZDUHQHVVRI DQGDWWHQWLRQWRPRYHPHQWDQGFRRUGLQDWLRQWKXVUDGLFDOO\
GLYHUJLQJIURPH[LVWLQJDSSURDFKHVWRREVHUYDWLRQDOGUDZLQJ7KHLQVWUXFWLRQDLPVWRXWLOLVH
RXUSURSULRFHSWLYHVNLOOVWRV\QFKURQL]HH\HDQGKDQGPRYHPHQWDQGWRH[SOLFLWO\IRFXVRQ
VHJPHQWLQJWKHGUDZLQJSURFHVVERWKLQWRVPDOOVHJPHQWVRI OLQHDQGVKRUWHSLVRGHVRI WLPH
GUDZLQJ:LWKDGGHGIHHGEDFNDQGDVVHVVPHQWHOHPHQWVDQGLQVWUXFWLRQVWRVQ\FKURQLVHWKH
H\HDQGKDQGVXJJHVWHGE\P\RZQSUDFWLFHWKHPHWKRGZRUNHGERWKDVDQHZZD\WRGUDZ
DQGWRWHDFK
:KLOHZRUNLQJLQ'&3DQGFRQGXFWLQJP\VWXG\RI (GZDUGV·VWXGHQWV,EHJDQWR
FRQFHSWXDOLVHWKHH\HKDQGFRQQHFWLRQDVDSLHFHRI VWULQJ6HHÀJ
,DVNHGKRZZHFRXOGVKRUWHQWKHVWULQJDQGPDNHWKHMRXUQH\DVGLUHFWDVSRVVLEOH,
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K\SRWKHVLVHGWKDWDVKRUWHUURXWHIRUWKHLQIRUPDWLRQZLWKDVOLWWOHFKDQJHDVSRVVLEOHZRXOG
OHVVHQWKHFKDQFHRI GLVWRUWLRQRI WKHOLQHDQGRIIHUDJRRGPHWKRGIRUGUDZLQJ7KLVOHG
PHWRH[SORUHWKHLGHDWKDWWKHH\HDQGKDQGFRXOGWU\WREHKDYHOLNHRQHDQRWKHUXQGHUWKH
UDWLRQDOHWKDWWKLVFRXOGSRWHQWLDOO\PLQLPLVHWKHWUDQVODWLRQQHHGHGEHWZHHQVHQVHDQGDFWLRQ
$VSV\FKRORJLFDOUHVHDUFKKDVIRXQGREVHUYDWLRQDOGUDZHUVSRVVHVVH[WUDRUGLQDU\SHUFHSWXDO
VNLOOVUDQJLQJIURPÀQHPRWRUFRQWURORI WKHH\HDQGYLVXDOGLVFULPLQDWLRQVNLOOV$WWKHKHDUW
RI WKHWKHVLVLVWKHSURSRVLWLRQWKDWWKHH\HOHDUQVWRPRYHPRUHOLNHWKHKDQGDQGWKHKDQG
OHDUQVWRSHUFHLYHE\¶WRXFKDWDGLVWDQFH·KHQFHWRFRQWULEXWHWRYLVLRQ
7KHPHWKRGUHVWVRQWKHSURSRVLWLRQWKDWWLPLQJPDWWHUVIRUREVHUYDWLRQDOGUDZLQJ
6\QFKURQLVDWLRQRI PRYHPHQWFRRUGLQDWHVWKHERG\DQGLQIRUPVYLVLRQDQGSHUFHSWLRQ
'UDZLQJLVDQHVSHFLDOH[DPSOHRI WKHKXPDQFDSDFLW\IRUPRYLQJOHDUQLQJDQGLPDJLQLQJ
DQGKHQFHRXUDJHQF\RXUSRZHUWRWUDQVIRUPWKHZD\ZHVHHWKLQJVDQGKRZZHUHODWHWR
WKHP
7KHWKHRUHWLFDOSHUVSHFWLYHRI 0HUOHDX3RQW\ZDVLQIRUPHGE\KLVFULWLFDO
NQRZOHGJHRI WKHHPHUJLQJVFLHQFHRI FRJQLWLRQ0\DSSURDFKWKURXJKSUDFWLFHZDVWRWU\
WRHQDFWWRSK\VLFDOO\DUWLFXODWHWKHRU\IURPGLYHUJHQWÀHOGVKLQJLQJRQWKHLGHDWKDWWKH
ERG\LQWKLVFDVHHVSHFLDOO\WKHKDQGFRQWULEXWHVWRWKRXJKWDQGYLVLRQ$VGRFXPHQWHGLQ
&KDSWHUWKHYLHZVRI 5XVNLQ0HUOHDX3RQW\(GZDUGV1LFRODLGHV%ULGJHW5LOH\7FKDOHQNR
*UHJRU\DQG1RsSUHVHQWDUDQJHRI SHUVSHFWLYHVRQWKHUROHRI WKHH\HWKHKDQGDQG
¶GUDZLQJSHUFHSWLRQ·:KHQ%ULGJHW5LOH\WDONVRI FRPLQJWRWUXVWWKHH\HDWWKHHQGRI KHU
SHQFLOSVKHSRLQWVWRWKHUROHRI SUDFWLFHDQGWKHFRQWULEXWLRQRI WKHKDQGWRYLVXDO
SHUFHSWLRQ0\HPHUJLQJGUDZLQJSUDFWLFHLVLQIRUPHGE\5XVNLQ·VLGHDWKDWWKHVKDUSSHQFLO
VKDUSHQVWKHPLQGE\WKHYLHZWKDWDFWLRQFRQWDLQVSHUFHSWLRQDQGE\7FKDOHQNRDQGP\RZQ
ÀQGLQJVDERXWFRRUGLQDWLRQRI WKHERG\DQGLWVLPSOLFDWLRQVIRUFRJQLWLYHSURFHVVHV
,FRQFOXGHZLWKWKHSURSRVLWLRQWKDWWKHGUDZHUERWKDOHDUQVDQGZRUNVZLWKLQWKHOLPLWVRI 
WKHLUSHUFHSWLRQDQGEH[WHQGVWKHVHOLPLWVE\GHYHORSLQJWKHLUSHUFHSWLRQ/HDUQLQJRQH·V
OLPLWDWLRQVGHPRQVWUDWHVDNQRZOHGJHSUREDEO\RIWHQLPSOLFLWDNQRZKRZRI KRZPXFK
LQIRUPDWLRQFDQEHWUDQVODWHGLQRQHPRPHQW([SHUWVGUDZVKRUWVLPSOHVHJPHQWVRI OLQHLQ
RQHJRZLWKIUHTXHQWJODQFHVWRWKHRULJLQDODQGSDXVHVEHWZHHQVHJPHQWV7KURXJKSUDFWLFH
SHUFHSWLRQGHYHORSVDQGWKHFRQYHUVDWLRQEHWZHHQH\HDQGKDQGDQGZRUOGDQGSHUVRQ
GHHSHQV
$VRXWOLQHGLQ&KDSWHUFHQWUDOWRWKHDUJXPHQWLVDQHQDFWLYHDFFRXQWRI YLVLRQ)URPWKLV
YLHZWKHUROHRI WKHKDQGDQGWKHERG\DUHDOZD\VVLJQLÀFDQWLQWKHSHUFHSWXDOHTXDWLRQ2QO\
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E\FRQVLGHULQJWKHGDQFHRI H\HKDQGKHDGDQGERG\FDQDFRPSOHWHSLFWXUHEHJLQWRHPHUJH
RI WKHGUDZLQJSURFHVVRI SHUFHSWXDOVW\OHDQGWUDQVIRUPDWLRQV
Subjects of  study
0\GUDZLQJDQGWHDFKLQJSUDFWLFHVH[SORUHGWKHXVHDQGWHDFKLQJRI
0RWRUSODQQLQJ
6HJPHQWDWLRQ
3DXVLQJ
+DQGDORQHEOLQGGUDZLQJ
,QSHGDJRJ\WKHHPSKDVLVKDVEHHQSODFHGRQORRNLQJ6WXGHQWVQRWLFHFKDQJHVLQWKHLU
SHUFHSWLRQDQGRIWHQVWDWHWKDWWKH\DUH¶VHHLQJWKLQJVGLIIHUHQWO\·7KHKDQGSOD\VDFUXFLDO
WKRXJKXQGHUSOD\HGUROHLQWKLVWUDQVIRUPDWLRQRI YLVLRQ0\GUDZLQJLQVWUXFWLRQDUWLFXODWHV
WKHVWURQJFRQQHFWLRQEHWZHHQWKHH\HDQGKDQGLQIRUPLQJVWXGHQWVRI UHFHQWVFLHQWLÀF
ÀQGLQJVDQGKRZWKHVHPD\FRQWULEXWHWRGUDZLQJSURGXFWLRQ%HKLQGWKHLQVWUXFWLRQLVWKH
SURSRVDOWKDWLQIRUPLQJVWXGHQWVRI WKHSDWWHUQVRI V\QFKURQLVDWLRQRI H\HDQGKDQGRI 
H[SHUWVLH7FKDOHQNR·VPRGHORI H[SHUWGUDZLQJEHKDYLRXUZLOODVVLVWWKHGUDZLQJSURFHVV
Methodology
/HDUQLQJWRGUDZDFFXUDWHO\LVKDUGWRTXDQWLI\DQGDQDO\VHWKURXJKH[SHULPHQWDOVWXGLHVDV
SHRSOHV·OHYHORI PRWLYDWLRQYDU\DQGWKLVLVDOZD\VJRLQJWRSOD\DODUJHSDUWLQWKHLUDELOLW\
DQGVSHHGRI OHDUQLQJDVNLOO0\H[SORUDWLRQEHJDQZLWKWKHTXHVWLRQ¶'RHVWKHKDQGQHHG
WKHH\H·"$QGLI VRLQZKLFKVLWXDWLRQVLHZKHQGRHVWKHKDQGQHHGWKHH\H"7KLVWKHQSRVHV
TXHVWLRQVDERXWZK\WKHKDQGPD\QHHGWKHH\HDQGZKHWKHUWKHGUDZHUNQRZVWKLVH[SOLFLWO\
RULPSOLFLWO\7KHGUDZLQJLQVWUXFWLRQZDVLQLWLDOO\GHYHORSHGIURPVFLHQWLÀFÀQGLQJVEXWWKHQ
PRYHGLQWRVSHFXODWLYHWHUULWRU\EDVHGRQH[SHULHQFHDQGTXHVWLRQLQJRI KRZWKHH\HDQG
KDQGRSHUDWHSDUWLFXODUO\¶LQEHWZHHQ·VHQVDWLRQDQGDFWLRQ7KHRSSRUWXQLW\WRSUDFWLFDOO\
H[SORUHDQGJREH\RQGVFLHQFHUHVXOWVLQTXHVWLRQVWKDW,KRSHZLOOEHWDNHQXSE\VFLHQWLÀF
UHVHDUFKHUVWRFODULI\ZKHUHLI DWDOOZHGUDZWKHOLQHEHWZHHQSHUFHSWLRQDQGDFWLRQDQG
KRZSHUFHSWLRQRSHUDWHVLQREVHUYDWLRQDOGUDZLQJ7RVRPHGHJUHHWKLVKDVEHJXQGXULQJP\
UHVHDUFKZLWKSV\FKRORJLVW&KDPEHUODLQWHVWLQJLGHDVZHGLVFXVVHGDERXWPRWRUPHPRU\
7FKDOHQNRDQG0LDOO·VÀQGLQJVDQGWKHTXHVWLRQRI ZKHWKHUGUDZLQJH[SHUWVEUDLQVFKDQJH
VWUXFWXUDOO\VHH&KDPEHUODLQ
/LNH5XVNLQ,H[SORUHG¶HOHPHQWVRI GUDZLQJ·WKURXJKSDUWLFLSDWLRQLQERWKWKHOHDUQLQJDQG
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WHDFKLQJSURFHVVHVWKURXJKHQJDJHPHQWDQGUHÁHFWLRQ,QVLJKWVZHUHUHODWHGWRTXDQWLWDWLYH
ÀQGLQJVDQGZHUHXVHGWRLQIRUPWKHUHVHDUFKSDWKJHQHUDWLQJQHZDYHQXHVDQGDSSURDFKHV
IRUVWXG\,QDGGLWLRQWKHH[SORUDWLRQZDVJXLGHGDQGPHGLDWHGE\P\HQJDJHPHQWZLWK
VFLHQWLÀFSUDFWLFHDQGÀQGLQJV,QWKLVFKDSWHUGUDZLQJVDUHOLQNHGWRUHÁHFWLYHDFFRXQWVRI 
P\H[SHULHQFHDQGWRFXUUHQWVFLHQWLÀFWKHRULHVDQGÀQGLQJV([FHUSWVIURPGUDZLQJGLDULHV
RXWOLQHKRZLQVLJKWVIURPP\RZQVWXGLRSUDFWLFHLQÁXHQFHGWKHGLUHFWLRQRI P\TXDQWLWDWLYH
VWXGLHV([FHUSWVIURPVWXGHQW·VDFFRXQWVDQGGLDULHVUHÁHFWRQWKHLURZQGUDZLQJSUDFWLFH
DQGH[SHULHQFHRI P\WHDFKLQJ7KHVHRIWHQHFKRSXEOLVKHGDFFRXQWVZLWKWKHIUHTXHQW
REVHUYDWLRQEHLQJDORQJWKHOLQHVRI ¶QRZ,VHHWKLQJVDQHZ·
6.2 My drawing instruction
6HHDFFRPSDQ\LQJ'9'IRUUHFRUGLQJVDQGGHPRQVWUDWLRQVRI P\HQDFWLYHGUDZLQJPHWKRG
Enacting vision
7KHNH\SRLQWWRHPSKDVLVHLVWKDWGUDZLQJVFUXWLQLVHVYLVLRQDQGWUDQVIRUPVLWUDWKHUWKDQ
GUDZVIURPLW'UDZLQJLVDQH[WUDRUGLQDU\PXOWLVHQVRU\ZD\RI ORRNLQJZKHUHLQWKHKDQG
GRHVQRWLPPHGLDWHO\DFFHSWWKHTXLFNO\FDSWXUHGLQIRUPDWLRQE\WKHH\HWKH¶ÀUVWJODQFH·
7KHKDQGTXHVWLRQVLWDQGDVNVIRUPRUHGHWDLO7KHH\HLVQRWDGHTXDWHWRWKHWDVNVRWKH
KDQGJHWVLQYROYHGE\FROOHFWLQJLQIRUPDWLRQLWVHOIDQGDOVRE\WHDFKLQJWKHH\HKRZWRFROOHFW
GHWDLOHGLQIRUPDWLRQ
7KHLQVWUXFWLRQVSUHVHQWHGKHUHKLQJHRQWKHLGHDWKDWGXULQJGUDZLQJWKHUHPD\EHSKDVHV
ZKHQWKHPRYHPHQWRI WKHH\HV\QFKURQLVHVWHPSRUDOO\DQGVSDWLDOO\ZLWKWKHKDQGZLWKWKH
H\HVWD\LQJÀ[DWHGRQWKHRULJLQDODQGWKHKDQGGUDZLQJRQWKHSDSHUUDWKHUWKDQGUDZLQJ
IURPYLVXDOPHPRU\7KLVLVDQH[WHQVLRQRI WKHYLVXRPRWRUK\SRWKHVLVRI 7FKDOHQNRDQG
0LDOODVRXWOLQHGLQ&KDSWHU7KHLGHDLVWKDWSURSULRFHSWLRQFDQSOD\DSDUWDVZHOODV
YLVXRPRWRUHQFRGLQJZKHQZHWDNHLQWRDFFRXQWWKHLQWHJULW\RI WKHERG\3URSULRFHSWLRQ
UHIHUVWRRQH·VVHQVHRI RQH·VRZQERG\DQGKRZPRYHPHQWVRI WKHSDUWVRI WKHERG\UHODWH
,WLVDQLQQHUVHQVHRI DUWLFXODWLRQFRRUGLQDWLRQDQGEDODQFH,QRUGHUWRIROORZWKHOLQHWKH
H\HREYLRXVO\QHHGVWRVHHLWEXWUDWKHUWKDQFRQFHQWUDWHRQWKHYLVXDOFDSWXUHRI LQIRUPDWLRQ
WKHH\HVORZO\PRYHVDORQJWKHOLQHDVLI GUDZLQJLW,QVFLHQWLÀFWHUPVWKHH\HPD\VLPSO\
EHÀ[DWLQJPRUHRIWHQDQGKHQFHFDSWXULQJPRUHIUHTXHQWDQGPRUHGHWDLOHGLQIRUPDWLRQ
([SHULHQWLDOO\LWIHHOVOLNHWKHH\HLVGUDZLQJWKHOLQHDQGWKHKDQGLVPLUURULQJWKLV7KHKDQG
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LVHQDFWLQJDQGSDUWLFLSDWLQJLQYLVLRQLQWKLVFDVHE\PLUURULQJWKHPRYHPHQWRI WKHH\H7KH
ÀUVWVWHSRI WKHLQVWUXFWLRQLQIDFWDVNVVWXGHQWVWRGUDZDORQJWKHOLQHZLWKWKHSHQFLOLWVHOI
ZKLFK,KDYHWHUPHG¶DLUGUDZLQJ·,QWKLVZD\WKHH\HDQGKDQGWRJHWKHUDUHTXHVWLRQLQJ
DQVZHULQJFKHFNLQJDQGUHLQIRUFLQJWKHLUPXWXDOLGHDVDERXWZKDWWKH\DUHORRNLQJDW7KH\
DUHZRUNLQJRQWKHVDPHSURMHFW
Focus on eye and hand movements
7KHFRPPRQYLHZLVWKDWWKHH\HSHUFHLYHVDQGWKHKDQGIROORZV7KHSUHPLVHLVWKDWLI \RX
OHDUQWRORRNWKHQ\RXFDQGUDZLPSO\LQJWKDWWKHPHFKDQLFDODFWRI WKHKDQGZLOOIROORZ
HDVLO\7RDODUJHH[WHQWH[SHULPHQWDOUHVHDUFKRI GUDZLQJKDVRSHUDWHGRQWKLVSDUDGLJP
DGRSWLQJDVHTXHQWLDOPRGHOZLWKWKHH\HORRNLQJDQGSHUFHLYLQJDQGWKHDFWLRQRI WKHKDQG
IROORZLQJLQIRUPDWLRQIURPWKHH\H0\SHUVSHFWLYHIURPP\RZQWHDFKLQJH[SHULHQFH
DQGREVHUYDWLRQDOUHVHDUFKLVWKDWVWXGHQWVRIWHQVWUXJJOHWRLQWHJUDWHDQGFRRUGLQDWHWKHLU
H\HVDQGKDQGVDQGWKDWEHLQJPRUHH[SOLFLWDERXWKRZWKHKDQGDQGH\HV\QFKURQL]HZLOO
IDFLOLWDWHOHDUQLQJ7KHÀUVWSRLQWWREHDULQPLQGLVWKDWWKHH\HPRYHVDJUHDWGHDOGXULQJ
REVHUYDWLRQDOGUDZLQJPDNLQJPDQ\À[DWLRQVDQGZHDYLQJDZHERI FRQQHFWLRQV3K\VLRORJ\
RI YLVLRQWHOOVXVWKDWVPRRWKPRYHPHQWRI WKHH\HVLVRQO\SRVVLEOHZKHQIROORZLQJDPRYLQJ
REMHFW)URPP\SUDFWLFHDQGIHHGEDFNIURPVWXGHQWVWKLVVHHPVWREHWKHFDVHH[SHULHQWLDOO\
DVZHOODVH[SHULPHQWDOO\:KHQ,DVNVWXGHQWVWRPRYHWKHLUH\HVVORZO\DQGVPRRWKO\WKH\
ÀQGLWGLIÀFXOWDQGFKDOOHQJLQJ6WXGHQWVDUHDZDUHRI WKHMHUN\PRYHPHQWVRI WKHH\HDQG
DUHXQDEOHWRFRXQWHUWKHMHUNV,WULHGSXUVXLQJDQLPDJLQDU\DQWZLWKP\H\HEXWVWLOOIRXQG
WKDWP\H\HQHYHUIHHOVDVLI LWLVPRYLQJVPRRWKO\7KLVLVRI LQWHUHVWLQUHODWLRQWRGUDZLQJ
PRYLQJREMHFWVIRUH[DPSOHWKHLQWHUURJDWLRQRI PRYHPHQWZLWKGUDZLQJ,QWKLVFDVHWKHH\H
FHUWDLQO\FDQGUDZWKHOLQHLQZKDWLVWHUPHGLQYLVLRQVFLHQFH¶VPRRWKSXUVXLW·IROORZLQJD
PRYLQJREMHFW,Q-HQ:ULJKW·VUHVHDUFKSUDFWLFHLQ.DQWURZLW]%UHZDQG)DYDSS
VKHPLUURUVWKHPRYHPHQWVRI VXUJHU\'XHWRWKHDELOLW\RI WKHH\HWRPRYHVPRRWKO\
ZKHQZDWFKLQJDQGIROORZLQJDFWLRQVHH/DQGDQG7DWOHUSWKLVLVDYHU\GLIIHUHQW
SURFHVVIURPFRQYHQWLRQDOREVHUYDWLRQDOGUDZLQJ,QWHUPVRI GUDZLQJDVDUHVHDUFKWRRO
WKLVLVDQLPSRUWDQWSRLQWDVXVLQJGUDZLQJDVDPLUURULQJWRROIRUPRYHPHQWKROGVPXFK
SRWHQWLDO+RZHYHUGXHWRWKHSK\VLRORJLFDOGLIIHUHQFHLQH\HPRYHPHQWVLWLVQRWDWDOOWKH
VDPHSURFHVVDVREVHUYDWLRQDOGUDZLQJRI DVWLOOREMHFWRUVFHQH0\REVHUYDWLRQDOGUDZLQJ
PHWKRGZDVLQIRUPHGE\WKLV¶WUDFNLQJ·PRGHRI GUDZLQJWU\LQJWRPRYHWKHH\HDVVPRRWKO\
DVSRVVLEOHGHVSLWHQRWKDYLQJDPRYLQJREMHFWWRIROORZ
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
)LJ3LWFKRI GUDZLQJH\HDQGKDQGV\QFKURQLVDWLRQLQWLPHDQGVSDFH
$VZHVDZLQ&KDSWHU1LFRODwGHVXUJHGVWXGHQWVWRORRNIRUWKHHQHUJ\DQGJHVWXUHLQVWLOO
OLYHV'UDZLQJOLQHVSRWHQWLDOO\DLGVXQGHUVWDQGLQJRI SURFHVVHVRI JURZWKDQGHYROXWLRQ
IRUJLQJDQXQGHUVWDQGLQJWKDWJRHVEH\RQGGLPHQVLRQDOLPDJHU\UHODWLQJWRXQGHUO\LQJ
SULQFLSOHVRI QDWXUHDQGSK\VLFV7KLVSRLQWDVGLVWLQFWIURPOHDUQLQJKRZWRGUDZIURP
QDWXUHZDVPDGHE\ERWK5XVNLQDQG1LFRODwGHVDVDUHDVRQWRGUDZ1LFRODwGHVS
$QRWKHUSRVVLELOLW\LVWKDWGUDZHUVPD\SRWHQWLDOO\¶VHH·WKHLURZQSODQIRUGUDZLQJWKHOLQH
LHIRUHVHHWKHLUGUDZLQJDFWLRQZKLFKLVDQDIIRUGDQFHRI WKHREMHFW7KLVZRXOGHQWDLOD
FRQFHSWLRQRI WKHOLQHWKDWWKH\SODQWRGUDZLQWHUPVRI LPDJLQLQJDQDFWLRQUDWKHUWKDQ
FUHDWLQJDPHQWDOLPDJHWRGUDZIURP1LFRODwGHVGRHVQRWUHIHUWRWKLVEXWLWLVVXJJHVWHGE\
7FKDOHQNR·VÀQGLQJVDERXWPRWRUSODQQLQJDQGWKHUHFHQWGLVFRYHU\RI PLUURUQHXURQVWKDW
DUHDFWLYDWHGZKHQLPDJLQLQJDFWLRQVHH*DOOHVH
$WWKHVWDUWRI P\UHVHDUFKLQ'&37FKDOHQNRZDVEHJLQQLQJWRH[SORUHWKHUROHRI 
YLVXRPRWRUSODQQLQJDQGHQFRGLQJ$VH[SODLQHGLQ&KDSWHU7FKDOHQNRDQG0LDOOVXJJHVW
WKDWGUDZLQJIURPOLIHUHOLHVRQWKHHQFRGLQJRI YLVXDOLQIRUPDWLRQLQWRPRWRUSODQV,QRWKHU
ZRUGVWKHGUDZHUFRQYHUWVZKDWWKH\VHHLQWRDSODQRI KRZWRGUDZLW7KLVÀQGLQJIRUPVWKH
EDVLVRI P\LQVWUXFWLRQ,WIRFXVHVDWWHQWLRQRQWLPLQJDQGWKHUROHRI SK\VLFDOSUDFWLFHLQWKH
SHUFHSWXDOOHDUQLQJUHTXLUHGIRUGUDZLQJDQGXQGHUVWDQGVWKDWWUDQVIRUPDWLRQVRI SHUFHSWLRQ
FRPHDERXWWKURXJKPRYHPHQWDQGNQRZOHGJHRI PRYHPHQWWKURXJKSK\VLFDOHQJDJHPHQW
ZLWKWKHH[WHUQDOZRUOG$V1RsHPSKDVLVHVDQGDVRXWOLQHGLQ&KDSWHUSHUFHLYLQJLVDZD\
RI DFWLQJ¶«QRWVRPHWKLQJWKDWKDSSHQVWRXVRULQXV,WLVVRPHWKLQJZHGR·1Rs
S
,WKRXJKWDERXWVNLOOVWKDWDUHHDV\WRDFTXLUHDQGFRPHQDWXUDOO\WRPRVWSHRSOHGXHWRWKH
LQWHJULW\RI WKHKXPDQERG\7RWKLVHQGP\ÀUVWVHWRI LQVWUXFWLRQVIRFXVRQWKHXQLW\RI WKH
ERG\SURSULRFHSWLRQDQGRXUDELOLW\WRV\QFKURQL]HPRYHPHQW7KHH\HFDQFRPPXQLFDWH
ZLWKWKHKDQGZLWKRXWXVLQJDQ\IRUPRI YLVXDOPHPRU\5DWKHUWKHKDQGPRYHVDORQJWKH
OLQHDWWKHVDPHWLPHDQGDWWKHVDPHVSHHGDVWKHKDQGFUHDWLQJDSK\VLFDOPRWRUWUDQVODWLRQ
UDWKHUWKDQDSHUFHSWLRQWRDFWLRQWUDQVODWLRQ7KLVLVV\QFKURQLVHGERWKLQWLPHDQGVSDFH
7FKDOHQNRDQG0LDOOIRXQGWKDWIRUWKHKDQGWRDFKLHYHDFFXUDF\LQGUDZLQJWKHVKDSHRI 
VLPSOHOLQHVWKHH\HGRHVQRWQHHGWRORRNDWWKHKDQGDVLWGUDZVRUWRFKHFNWKHGUDZLQJDV
LWHPHUJHV+RZHYHUIURPUHVXOWVRI FRS\LQJWDVNVLQZKLFKSDUWLFLSDQWVGLGQRWORRNDWWKH
SDSHURUWKHLUHPHUJLQJGUDZLQJWKH\FRQFOXGHGWKDWWKHKDQGGRHVQHHGWKHH\HLQRUGHUWR
SLHFHWRJHWKHUWKHVHJPHQWVRI OLQHVDFFXUDWHO\LQVSDFHRQWKHSDSHU
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)LJ6LPSOHSKUDVLQJRI GUDZLQJ1'R'R'S1'S
)LJ'UDZLQJSKUDVHZLWKDVVHVVPHQW1'R'R'S1'S1'RQ'S1'R1'S
Phrasing - learning to segment and pause
7KLVWUDQVODWLRQIURPOLQHWROLQHLVOLNHVLQJLQJLQREVHUYDWLRQDOGUDZLQJWKHSUDFWLWLRQHU
LVWU\LQJWRHFKRWKHOLQHLQWKHZD\DVLQJHUZKRLVVLJKWUHDGLQJRUOLVWHQLQJWRDQRWKHU
YRLFHRULQVWUXPHQWSLWFKHVWKHYRLFHWRVLQJDSDUWLFXODUQRWH6HHÀJ%RWKWKHVLQJHU
DQGWKHGUDZHUDUHWXQLQJXVLQJDPDWFKLQJSURFHVVZKLFKUHOLHVRQVHQVRU\IHHGEDFNDQG
UHÁHFWLRQ0RUHRYHUGUDZLQJOLNHVLQJLQJSKUDVHVWKHVHJPHQWVDQGXVHVWKHHTXLYDOHQWRI 
EUHDWKVEHWZHHQWKHVHLQWKHIRUPRI SDXVHV5HODWLQJWKHOHDUQLQJRI REVHUYDWLRQDOGUDZLQJ
WRERWKGDQFHDQGVLQJLQJKLJKOLJKWVLPSRUWDQWDVSHFWVRI ERGLO\FRQWUROVNLOODQGH[SUHVVLRQ
&UXFLDOO\REVHUYDWLRQDOGUDZLQJGDQFLQJDQGVLQJLQJDOOFRPPRQO\HQWDLOWKHDELOLW\WRLPLWDWH
DQGWRSODQDPDWFKLQJDFWLRQ7KH\WUDQVODWHDQH[WHUQDOREMHFWRUHYHQWLQWRVRPHWKLQJWKH\
GRWKHPVHOYHVWRFRUUHVSRQGDPRYHPHQWWKDWPLJKWEHDYLVLEOHJHVWXUHRUDVRXQG,QWKLV
ZD\DOODUHIRUPVRI HQDFWPHQWWKURXJKWKHLUUHÁH[LYHQDWXUH
7FKDOHQNR·VUHVXOWVUHODWLQJWR¶GUDZLQJEOLQG·ZLWKH\HVRQWKHRULJLQDOUDLVHGLQWHUHVWLQJ
TXHVWLRQVDERXWZKHQWKLVPD\EHDQDSSURSULDWHKDQGH\HVWUDWHJ\ZKHQXVHGLQFRQMXQFWLRQ
ZLWKDVWUDWHJ\WRPRQLWRUWKHHYROYLQJGUDZLQJRQWKHSDSHU7KHDELOLW\WRGUDZ¶EOLQG·
LPSOLHVWKDWDQHIÀFLHQWDSSURDFKPDNLQJJRRGXVHRI SHUFHSWXDOUHVRXUFHVLVIRUGUDZHUV
WRNHHSWKHLUH\HRQWKHRULJLQDOZKLOHGUDZLQJRQO\JODQFLQJDWWKHSDSHUDVWKHSHQFLOLV
FRPSOHWLQJWKHOLQH
6HHÀJ0\K\SRWKHWLFDOPRGHOEDVHGRQ7FKDOHQNR·VÀQGLQJVIRUFRS\LQJDVLQJOH
FRPSOH[OLQHEHFDPH
6WHS3DUWLFLSDQWORRNVDWWKHRULJLQDO1'R
6WHS6RPHGUDZLQJLVH[HFXWHG¶EOLQG·KDQGDORQHZKLOHORRNLQJDWWKHRULJLQDO'R
6WHS'UDZLQJFRQWLQXHVZKLOHORRNLQJDWWKHSDSHUWRFRQWUROWKHVSDWLDOSRVLWLRQRI WKH
OLQH'S
,DGGHGDIRXUWKVWHS1RWGUDZLQJZKLOHORRNLQJDWWKHSDSHU1'SWRDOORZWLPHWRDVVHVV
WKHOLQHEHIRUHFRPSDULQJZLWKWKHRULJLQDODQGVWDUWLQJDQRWKHUF\FOHRI GUDZLQJDFWLRQ
%HWZHHQF\FOHVRI 1'R'R'S1'SJODQFHVEDFNDQGIRUWKEHWZHHQRULJLQDODQGSDSHUPD\
EHXVHGWRFRPSDUHWKHRULJLQDODQGSDSHU6HHÀJ
238 239
)LJ%UXHWRQ&%ÀOPHGGXULQJDGUDZLQJOHVVRQE\WKHDXWKRU
$LUGUDZLQJ $LUGUDZLQJ
6\QFKURQLVLQJH\HZLWKKDQG
%OLQGGUDZLQJ %OLQGGUDZLQJ
)LJ'UDZLQJEOLQGZDUPXSH[HUFLVH$QH[DPSOHIURPDXWKRU·VSUDFWLFHRI OLQHVGUDZQZLWKRXWORRNLQJDW
WKHSDSHUWRFRQQHFWH\HDQGKDQGDQGHQFRGHOLQHVWRPRWRUPHPRU\
Outline of  the drawing instruction
6HHDSSHQGL[GIRUDXGLRRI DWHDFKLQJVHVVLRQ6HHÀJ
The method
,QGUDZLQJFODVVHV,EHJLQZLWKVRPHH\HPRYHPHQWH[HUFLVHV
Phase 1 Eye exercises
,DVNVWXGHQWVWRIROORZP\SHQFLOWLSZLWKWKHLUH\HVDV,GUDZDOLQH
,WKHQDVNWKHPWRWUDFHWKHGUDZQOLQHZLWKWKHLUH\HV
:HWKHQGLVFXVVWKHGLIIHUHQFHVWKH\IRXQGLQWKHWZRZD\VRI PRYLQJWKHLUH\HV
,H[SODLQWKHGLIIHUHQFHEHWZHHQVPRRWKSXUVXLWZKHQWUDFNLQJWKHPRYLQJSHQFLODQGWKH
FKDUDFWHULVWLFVDFFDGHDQGÀ[DWLRQPRYHPHQWVRI WUDFLQJDVWDWLFGUDZQOLQH
,H[SODLQWKDWP\LQVWUXFWLRQLVEDVHGRQWUDLQLQJWKHH\HWRPRYHVORZO\VHHGHWDLODQGWR
GUDZOLQHVLQVSDFH
7KHQ,DVNVWXGHQWVWRLPDJLQHDQDQWFUDZOLQJGRZQWKHOLQHDQGIROORZLW
,DVNWKHPWRSUDFWLFHGUDZLQJVORZOLQHVZLWKWKHLUH\HV,LQWURGXFHWKHWHUP¶H\HGUDZLQJ·
WRUHIHUWRWKLVSUDFWLFH
:HWKHQPRYHRQWRH[HUFLVHVWRV\QFKURQLVHWKHH\HDQGKDQG
Phase 2 Synchronising eye and hand 
,DVNVWXGHQWVWRSUDFWLVHGUDZLQJVLPSOHVHJPHQWVRI OLQHVLQWKHDLUZLWKWKHKDQGDVZHOO
DVWKHH\H7KLVHQWDLOVWUDFLQJRI OLQHVSHUFHLYHGLQWKHH[WHUQDOZRUOGHJLQDIDFHDYDVHD
ODQGVFDSHZLWKWKHSHQFLO,FDOOWKLV¶DLUGUDZLQJ·GHÀQHGDVGUDZLQJLQWKHDLUE\WKHKDQG
WUDFLQJDOLQHRQWKHRULJLQDOWREHGUDZQ
,LQVWUXFWVWXGHQWVWRXVHERWKKDQGVWRGUDZWKHOLQHLQWKHDLUDQGRQWKHSDSHUDWWKH
VDPHWLPH7KLVFUHDWHVDFRUUHVSRQGHQFHEHWZHHQWKHH[WHUQDOOLQHDQGWKHOLQHRQWKHSDSHU
,VXJJHVWWKDWWKH\GUDZWKHOLQHLQWKHDLUZLWKWKHLUQRQGUDZLQJKDQGDQGWKHOLQHRQWKH
SDSHUZLWKWKHKDQGWKH\QRUPDOO\XVHWRGUDZRUZULWHEXWVRPHVWXGHQWVSUHIHUWRGRLWWKH
RSSRVLWHZD\(LWKHULVÀQH
,WKHQDVNVWXGHQWVWRV\QFKURQLVHWKHH\HDQGKDQGWR¶H\HGUDZ·ZLWKWKHH\HZKLOH
GUDZLQJRQWKHSDSHUZLWKWKHKDQG,LQVWUXFWWKHPWRPRYHWKHH\HDQGKDQGDWWKHVDPH
VSHHGGUDZLQJWZROLQHVWKDWFRUUHVSRQGRQDRQHWRRQHVFDOHRQHLQWKHDLUDQGRQHRQWKH
SDSHU6HHÀJVDQG
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)LJ:DUPXSOLQHVVHJPHQWVGUDZQEOLQGWK-XO\'UDZLQJ*URZWK3URMHFW3HDU7UHH6HULHV
'LDU\
Phase 3 Segmentation
$WWKLVSRLQW,H[SODLQ7FKDOHQNR·VÀQGLQJVUHODWLQJWRWKHQRYLFHDELOLW\WRFRS\VLPSOHOLQH
VHJPHQWV
,LQVWUXFWWKHPWRGUDZDVHULHVRI VKRUWOLQHVHJPHQWVNHHSLQJWKHLUH\HRQWKHREMHFWDQG
ZLWKRXWORRNLQJDWWKHSDSHU
,WKHQWDONDERXWVHJPHQWDWLRQ,H[SODLQWKDWWKH'UDZLQJDQG&RJQLWLRQ3URMHFWIRXQG
WKDWQRYLFHVDUHDVJRRGDVH[SHUWVDWGUDZLQJVLPSOHOLQHVHJPHQWV¶EOLQG·ZLWKRXWORRNLQJDW
WKHSDSHU7KLVLVDQLPSRUWDQWSRLQWDVLWUHDVVXUHVVWXGHQWVWKDWWKH\FDQGUDZ:KHQWKH\
ORRNDWWKHLUSDSHUDIWHUGUDZLQJDVHULHVRI VHJPHQWVWKH\VHHWKDWWKHOLQHVDUHVLPLODUDQG
WKH\UHDOLVHWKDWWKH\DUHVXFFHHGLQJLQWUDQVODWLQJDVLPSOHVHJPHQWRI OLQHIURPWKHH[WHUQDO
ZRUOGLQWRDQHTXLYDOHQWOLQHRQSDSHU
,SURSRVHWKDWGUDZLQJFDQEHOHDUQWSULPDULO\E\IRUJLQJWKLVVWURQJFRQQHFWLRQEHWZHHQ
WKHH\HDQGWKHKDQGE\DGLUHFWFRQQHFWLRQEHWZHHQWKHOLQHWKHH\HSHUFHLYHVDQGWKHOLQH
WKHKDQGGUDZV
,DOVRSURSRVHWKDWEOLQGGUDZLQJHVWDEOLVKHVDVWURQJFRQQHFWLRQEHWZHHQWKHGUDZHUDQG
WKHH[WHUQDOZRUOG
,VXJJHVWWKDWWKLVUHIUDPHVRXUYLHZRI REVHUYDWLRQDOGUDZLQJDVPRYLQJFORVHUWRWKH
ZRUOGUDWKHUWKDQDZLWKGUDZDOZKLFKFDQEHYLHZHGDVDGLVHQJDJHPHQW
Phase 4 Joining segments together
:LWKWKHPRGHRI GUDZLQJVLPSOHOLQHVHVWDEOLVKHG,LQWURGXFHDZD\WRMRLQWKHVHJPHQWV
WRJHWKHU
,WHOOWKHPWKDWMRLQLQJWKHOLQHVWRJHWKHULVWKHGLVWLQJXLVKLQJVNLOOWKDWH[SHUWVKDYH
,LQVWUXFWWKHPWRORRNWRWKHSDSHUMXVWDVWKH\DUHFRPSOHWLQJWKHGUDZLQJRI HDFK
VHJPHQWRI OLQHWRPRQLWRUWKHFRPSOHWLRQDQGHQGSRLQWRI WKHOLQH
,LQVWUXFWWKHPWRSDXVHRQFHWKHOLQHLVGUDZQDQGWRXVHWKHLUH\HVWRFRPSDUHWKH
VHJPHQWZLWKWKHFRUUHVSRQGLQJOLQHRQWKHRULJLQDO
,JRRQWRVXJJHVWWKDWWKH\DOVRXVHWKHLUKDQGWRFRPSDUHOHQJWKDQGDQJOHRI OLQHDVWKLV
JLYHVDQDGGLWLRQDOFKHFNLQWKHIRUPRI WKHVWXGHQW·VSHUFHSWLRQRI KRZORQJLWWDNHVWRGUDZ
WKHOLQHDQGDSURSULRFHSWLYHVHQVHRI WKHDQJOHRI WKHOLQH
,LQVWUXFWVWXGHQWVWRFRUUHFWDQJOHDQGOHQJWKRI OLQHVHLWKHUE\HUDVLQJRUVRPHRWKHUIRUP
RI FURVVLQJRXWRUODEHOLQJOLQHVDVLQFRUUHFW
,H[SODLQWKDWWKHPHWKRGGHSHQGVRQDOORZLQJHUURUVWREHPDGHLQWKHIRUPRI SURYLVLRQDO
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DQGFRQWLQJHQWOLQHVDQGRQXVLQJDSHQFLODQGHUDVHURURWKHUFRUUHFWLRQWRRORUPHWKRG
,LQVWUXFWVWXGHQWVWRFRQWLQXHWRSDXVHWRJLYHWKHPWLPHWRFKRRVHDVWDUWLQJSRLQWIRUWKH
QH[WVHJPHQW
Phase 5 Rhythm – Drawing in time and space 
,WKHQWHDFKVWXGHQWVWKHFKDUDFWHULVWLFUK\WKPEHWZHHQH\HDQGKDQGRULJLQDODQGSDSHU
ZLWKJODQFHVWRWKHSDSHUDWWKUHHPRPHQWVDQGIRUWKUHHSXUSRVHVDWWKHVWDUWDQGHQGRI D
VHJPHQWDQGGXULQJSDXVHVEHWZHHQVHJPHQWVWRDVVHVVWKHOLQHV
,LQVWUXFWVWXGHQWVWRODXQFKOLQHVIURPVWDUWLQJSRLQWVEXWQRWWRZRUU\DERXWWKHHQG
SRLQWV
,H[SODLQWKDWHQGSRLQWVZLOOEHFRPHFOHDUZKHQRWKHUOLQHVDUHGUDZQLQWKHVDPHZD\DV
FUHDWLQJJHRPHWULFVKDSHVHQGSRLQWVDUHFODULÀHGE\ZKHUHOLQHVLQWHUVHFWWULDQJXODWLRQ7KLV
LVSDUWLFXODUO\FOHDULQGUDZLQJVRI SODQWVZKHUHDPDVVRI FURVVLQJEUDQFKHVDQGOHDYHVFDQEH
EXLOWXSLQUHODWLRQWRRQHDQRWKHU
,H[SODLQWKDWWKLVPHWKRGSURFHHGLQJGHWDLOE\GHWDLOH[SRVHVHUURUVLQDQJOHRI OLQHVDVWKH
GUDZLQJHPHUJHV
,QGHWDLOWKLVHQWDLOV&KRRVHDVWDUWSRLQW$'UDZDOLQHIURPWKLVSRLQWDWDQDQJOHWKDW
FRUUHVSRQGVZLWKWKHOLQHLQWKHRULJLQDO(QGLWRQFH\RXKDYHGUDZQDVKRUWOLQHDWDSRLQW
RI \RXUFKRLFHHLWKHUZKHQWKHDQJOHFKDQJHVZKHQ\RXIHHO\RXUH\HDQGKDQGKDYHORVW
WKHLUFRQQHFWLRQDQGDUHRXWRI V\QFRUZKHQ\RXIHHOOLNHLW3DXVH&RPSDUH\RXUGUDZQ
OLQHWRWKHOLQHLQWKHRULJLQDO&RUUHFWLI IHOWQHFHVVDU\/RRNDWWKHRULJLQDO&KRRVHWKHQH[W
OLQH&KRRVHDVWDUWSRLQWIRULW7KLVVKRXOGEHHLWKHUSRLQW$RUQHDUWRSRLQW$/DXQFK
OLQH%5HSHDWSURFHVVDVSHUOLQH$'UDZDWKLUGOLQH&$WVRPHPRPHQWWKHOLQHVGUDZQ
ZLOOLQWHUVHFW$WWKLVWLPHWKHSRLQWZKHUHIRUH[DPSOHOLQH&PHHWVOLQH%ZLOOVHUYHDV
DFKHFNIRUDFFXUDF\RI OLQHVGUDZQ,WLVOLNHDSX]]OH²LI DOOOLQHVDUHGUDZQDFFXUDWHO\LQ
WHUPVRI WKHWZRSDUDPHWHUVRI VWDUWSRLQWDQGWUDMHFWRU\WKHOLQHVZLOOLQWHUVHFWFRUUHFWO\²
LHFRUUHVSRQGLQJZLWKWKHOLQHLQWHUVHFWLRQVLQWKHRULJLQDO$PHQGWKHOLQHVDVUHTXLUHGWR
LQWHUVHFWDWFRUUHFWSRLQWV$QGVRRQ,QWKLVZD\OLQHVEHFRPHDQFKRUHGZLWKRWKHUOLQHVDQG
WKHGUDZLQJEHFRPHVDQFKRUHGRQSDJH)LQDOO\LWDOOMRLQVXSDQGWKHGUDZLQJSUREOHPLV
VROYHG
7KURXJKWKLVIRFXVDQGHIIRUWVWXGHQWVOHDUQVRPHWKLQJDERXWWKHREMHFWDQGKRZLWVSDUW
PDNHDZKROHIRUH[DPSOHKRZDEUDQFKJURZVWKHSURSRUWLRQVRI DMXJDQGKRZLWVLWVRQ
WKHWDEOH
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Notes on the method
7KXVGUDZLQJVNLOOLVEXLOWXSLQVWHSV,QFKURQRORJLFDORUGHUWKHEDFNJURXQGDQGUDWLRQDOHWR
HDFKVWHSRI P\GUDZLQJOHVVRQLVDVIROORZV
3KDVH6WHSVDQGGHPRQVWUDWHLQSUDFWLFHWKHSK\VLRORJ\RI WKHH\HWRGHYHORS
DZDUHQHVVRI FKDUDFWHULVWLFVRI VDFFDGLFDQGEDOOLVWLFH\HPRYHPHQWVDQGWKHGLVWLQFWLRQ
EHWZHHQVPRRWKSXUVXLWRI DPRYLQJWDUJHWDQGORRNLQJDWDVWLOOLPDJH6WHSKLJKOLJKWVWKDW
WKHH\HLVGHVLJQHGIRUTXLFNFDSWXUHRI LQIRUPDWLRQDQGUHFRJQLWLRQIURPDJODQFHUDWKHU
WKDQPRYLQJVPRRWKO\RYHUREMHFWVFDSWXULQJVHQVRU\LQIRUPDWLRQELWE\ELWRYHUWLPH
6WHSVH[SODLQWKHVFLHQWLÀFFRQWH[WRI WKLV
7KHIROORZLQJVWHSVLQWKLVSKDVHLQWURGXFHDQGSXWLQWRSUDFWLFHP\LGHDVDERXWH\HDQG
KDQGPRYHPHQWVKRZWKHH\HDQGKDQGEHJLQWROHDUQIURPRQHDQRWKHU7KLVLQWURGXFHV
DQDZDUHQHVVRI PRYHPHQWDQGDVWHSWRZDUGVWUDLQLQJWKHH\HWRPRYHPRUHVORZO\
,QWHUHVWLQJO\VRPHVWXGHQWVKDYHVDLGWKDWLPDJLQLQJDQDQWFUDZOLQJDORQJWKHOLQHKHOSVWKHP
WRPRYHWKHLUH\HVPRUHVPRRWKO\
3KDVHFRQWLQXHVSUDFWLVHRI V\QFKURQLVLQJWKHH\HDQGKDQG:KLOH1LFRODwGHVVXJJHVWV
WKDWVWXGHQWVVKRXOGLPDJLQHWRXFKLQJWKHREMHFWZLWKWKHSHQFLOLQWKLVFDVHWKH¶DLUGUDZLQJ·
JHVWXUHLVDSUHSDUDWLRQIRUGUDZLQJDQHQFRGLQJRI WKHOLQHLQWRDPRWRUSODQIRUWKHKDQG
LHSUDFWLVLQJWKHOLQH7KH\GRWKLVVHYHUDOWLPHVDQGWKHQGUDZWKHOLQHRQWKHLUSDSHUWRVHH
ZKHWKHUWKH\KDYHDPXVFOHPHPRU\RI WKHOLQHDQGFDQGUDZLWRQWKHSDSHU
6WHSPRYHVWRZDUGVV\QFLQJWKHH\HDQGKDQGE\V\QFLQJÀUVWWKHOHIWZLWKWKHULJKWKDQG
7KHSRLQWRI WKLVLVWRVKRZKRZZHFDQXVHDZDUHQHVVRI WKHERG\WRFRRUGLQDWHPRYHPHQW
,QVWHSWKHÀUVWWLPHWKHH\HDQGKDQGLQWHUDFWWKHH\HPRYHVVORZO\DORQJWKHOLQHLQWLPH
ZLWKWKHKDQG$WWKLVVWDJHWKHH\HQHYHUORRNVDWWKHSDSHU7KLVVHUYHVWZRSXUSRVHVWR
NHHSWKHH\HRQWKHREMHFWDQGDOVRWRSUHYHQWWKHVWXGHQWIURPMXGJLQJWKHLUGUDZLQJZKLFK
FDQGLVUXSWWKHSURFHVV7KLVHVWDEOLVKHVDVW\OHRI DFWLYHVORZFORVHORRNLQJORFNLQJWKHH\H
RQWRWKHREMHFW%RWKWKHH\HDQGKDQGDUHXVHGDVGUDZLQJWRROV5HSHWLWLRQRI WKHVDPHOLQH
GUDZQE\ERWKH\HDQGKDQGHVWDEOLVKHVDSDUWLFXODUH\HKDQGFRQQHFWLRQ
3KDVHFRQFHQWUDWHVRQOHDUQLQJWKHVHJPHQWDWLRQSURFHVVDQGH[SODLQVVFLHQWLÀFÀQGLQJVRI 
QRYLFHDELOLWLHV$VRXWOLQHGWKLVEXLOGVFRQÀGHQFHDQGHVWDEOLVKHVWKHIRXQGDWLRQVRI GUDZLQJ
$OOWKH\QHHGWROHDUQDIWHUWKLVLVKRZWRMRLQXSVHJPHQWV
3KDVHDQGWHDFKWKLV7KHDVVHVVPHQWRI DFFXUDF\LVDQLQWHUHVWLQJGHÀQLQJHOHPHQWRI 
GUDZLQJH[HFXWLRQDVPDQ\RWKHUVNLOOVUHO\RQDOHVVHTXLYDOHQWRXWFRPHWRDVVHVVWKHLU
VXFFHVVHJEDWWLQJDWFULFNHWZKHUHWKHH\HKDQGFRRUGLQDWLRQLVWUDQVODWHGLQWRDQHZDFWLRQ
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ZLWKQRWKLQJLQWKHH[WHUQDOZRUOGWRFRPSDUHLWZLWK,H[SODLQWKHRSSRUWXQLW\WRDVVHVVWKH
GUDZLQJWRFRPSDUHWKHOLQHSURGXFHGZLWKWKHRULJLQDO
6WHSLQSKDVHWHDFKHVVWXGHQWVP\PHWKRGZKHUHE\OLQHVDUHODXQFKHGEXWQRWHQGHG
,QWKHVDPHZD\WKDWWKHGUDZLQJLVODXQFKHGZLWKRXWDQLGHDRI WKHHQGDSDUWIURPD
FRPPLWPHQWWRDFFXUDF\RI GHWDLODQGDSURYLVLRQDOYLVXDOK\SRWKHVLVRI ZKDWWKHÀQLVKHG
GUDZLQJPD\ORRNOLNH7KHGUDZLQJLVJRLQJWRIROORZWKHOLQHVDQGVHHZKHUHLWHQGVXS7R
DFKLHYHWKLVWKHH\HDQGKDQGDUHJRLQJWRIROORZWKHOLQHV,QDOLWHUDOVHQVHWKHSURFHVVLVRQH
RI LPDJLQDWLRQ²FUHDWLQJDQLPDJH,WLVDSURFHVVRI LPDJLQDWLRQQRWUHSURGXFWLRQ
7KHPHWKRGUHOLHVRQDQRQJRLQJFRQWDFWEHWZHHQH\HDQGREMHFWDQRSHQQHVVWRGLVFRYHU\
UDWKHUWKDQDFDSWXULQJDQGFKXQNLQJRI LQIRUPDWLRQ
5HÁHFWLRQVRQSHGDJRJ\
$VRXWOLQHGDERYHVWDUWLQJZLWKGUDZLQJVLPSOHVHJPHQWVDQGWHOOLQJVWXGHQWVWKDWWKLVLV
QRWDQH[SHUWVNLOOEXWUDWKHUVRPHWKLQJQRYLFHVGRMXVWDVZHOOEXLOGVFRQÀGHQFHLQDELOLW\
WRGUDZ7KHVHJPHQWVGUDZQRQWKHSDSHUSURYLGHVWXGHQWVZLWKYLVXDOHYLGHQFHWKDWWKH\
FDQUHSURGXFHVLPSOHOLQHVHJPHQWVXVLQJSURSULRFHSWLYHDELOLW\)XUWKHUPRUHLWLQWURGXFHV
WKHSRVVLELOLW\RI XVLQJWKHGUDZQOLQHVDVH[WHUQDOHYLGHQFHRI SHUIRUPDQFH²WKHVWXGHQW
FDQDVVHVVWKHDFFXUDF\E\GLUHFWFRPSDULVRQZLWKWKHRULJLQDOZLWKQRQHHGIRUUHFRXUVH
WRPHPRU\7KHSUHPLVHLVWKDWWKHH\HEHKDYHVOLNHWKHKDQGRIIHULQJDGLUHFWWUDQVODWLRQ
RI PRYHPHQW7KHKDQGPRYHVDWWKHVDPHVSHHGDVWKHH\HGUDZLQJHTXLYDOHQWOLQHV
VXSHULPSRVHGRQWKHREMHFWEHLQJGUDZQDQGRQWKHGUDZLQJ7KLVHVWDEOLVKHVDZD\WR
GUDZDQDFFXUDWHOLQHIURPOLIHDQGHQFRXUDJHVVWXGHQWVWRGUDZRQO\VKRUWVHJPHQWVRI 
OLQH7KLVVPRRWKVORZZD\RI PRYLQJWKHH\HLVHDVLO\OHDUQWLQFRQWUDVWWRVRPHGUDZLQJ
LQVWUXFWLRQVUHO\LQJRQXVLQJDQH[WHUQDOPHDVXULQJGHYLFHHJPHDVXULQJZLWKDSHQFLOZKLFK
UHTXLUHPHQWDOFDOFXODWLRQVDQGDOHVVGLUHFWZD\WRPDSIURPYLVLRQWRKDQGPRYHPHQW7KH
LQVWUXFWLRQKLQJHVRQRXUSURSULRFHSWLYHDZDUHQHVVUDWKHUWKDQDWWHQGLQJWRORRNLQJDORQH:H
VWDUWWROHDUQWRGUDZE\DWWHQGLQJWRRXUZKROHERG\DQGKRZLWHQJDJHVZLWKWKHREMHFW,Q
UHVSRQVHWRWKHLQLWLDOLQVWUXFWLRQWRGUDZDVLPSOHOLQHVWXGHQWVXVXDOO\GUHZPRUHFRPSOH[
VHJPHQWVWKDQVXJJHVWHGEXWLWHPHUJHGWKDWWKH\FRXOGGUDZHYHQWKHVHIDLUO\DFFXUDWHO\
DQGLWEHFDPHDJRRGVWDUWLQJSRLQWIRUWHDFKLQJWKH\XQGHUVWRRGWKDWWKH\HYHQDVQRYLFHV
FDQGUDZVHJPHQWVRI OLQHDFFXUDWHO\7KLVZDVDVXUSULVHWRVWXGHQWVHVSHFLDOO\DVWKH\ZHUH
FRQYLQFHGWKDWLWZRXOGEHLPSRVVLEOHWRGUDZDFFXUDWHO\ZLWKRXWORRNLQJDWWKHSDSHU7KLV
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)LJ6HJPHQWDWLRQSURFHVV6WLLOVIURPYLGHRFOLS6HOI SRUWUDLW2FWREHU6HHDSSHQGL[EF
)LJ)RXUOLQHVHJPHQWVGUDZQRYHUîVHFRQGV6HHDSSHQGL[F
VKLIWVWKHIRFXVIURPWKHGUDZLQJWRWKHZRUOGDQGDOVRIURPWKHQRXQ¶GUDZLQJ·WRWKHYHUE
¶GUDZLQJ·
7KHLQVWUXFWLRQWKDWVWXGHQWVJODQFHWRWKHSDSHUDVWKH\DUHDERXWWRFRPSOHWHWKHOLQH
VHJPHQWÀWVZLWK7FKDOHQNR·VÀQGLQJVLQWHUPVRI EHKDYLRXUDQGWKHPRQLWRULQJRI ZKHUH
WKHOLQH¶ODQGV·+RZHYHULWLVLPSRUWDQWWRQRWHDVZHOOWKDWLQQDWXUDOVHWWLQJVWKHIXQFWLRQ
RI ORRNLQJDWWKHSDSHUXVXDOO\VHUYHVDPRUHH[WHQVLYHDQGSLYRWDOUROHWKDWRI DVVHVVPHQW
DQGIHHGEDFN$FHQWUDOGLIIHUHQFHRI P\PHWKRGIURPFRQYHQWLRQDOSHGDJRJ\LVWKH
DWWHQWLRQWRWHPSRUDODVSHFWVWRWKHWLPLQJRI KDQGDQGH\H0\UHVHDUFKH[SORUHGZKDWFDQ
EHDFKLHYHGE\DWWHQGLQJWRPRYHPHQWDQGE\XWLOLVLQJQHZNQRZOHGJHIURPVFLHQFHRI KRZ
H[SHUWVPRYHZKHQWKH\GUDZ%HLQJDEOHWRLQIRUPVWXGHQWVRI VFLHQWLÀFÀQGLQJVDERXWWKH
UHODWLRQVKLSEHWZHHQDFFXUDF\DQGWKHQHHGWRORRNDWWKHSDSHUDQGWKHSUHFLVHWLPLQJRI 
WKLVLVDQLQWHUHVWLQJFRQWULEXWLRQWRREVHUYDWLRQDOGUDZLQJSHGDJRJ\7KHLPSRUWDQWLQVLJKW
LVWRXQGHUVWDQGWKDWREVHUYDWLRQDOGUDZLQJLVDVPXFKDSK\VLFDOHPERGLHGSURFHVVDVLV
FRQWHPSRUDU\SHUIRUPDWLYHGUDZLQJ7KHGLVWLQFWLRQLVWKDWLWH[SOLFLWO\HQDFWVYLVLRQWKURXJK
REVHUYDWLRQRI DQH[WHUQDOREMHFWZKLOHSHUIRUPDWLYHGUDZLQJRIWHQYLVXDOLVHVWKHPRYHPHQW
RI WKHGUDZHURUDQRWKHURIIHULQJDWUDFHWRDLGXQGHUVWDQGLQJRI WKHLURZQEHLQJDQGDFWLYH
HQJDJHPHQWLQVSDFH
6.3 The enactive method in practice
Segmentation
)LJFRQWDLQVVWLOOVIURPYLGHRRI GUDZLQJDVHOI SRUWUDLWDVHTXHQFHRI WKHÀUVWOLQHV
GUDZQLQDVHOISRUWUDLW6HJPHQWVDUHGLYLGHGE\SDXVHVRI DWOHDVWïVHFRQGXVXDOO\ORQJHU
VRPHZLWKWKHSHQFLOUHPDLQLQJRQWKHOLQHDQGRWKHUVZLWKWKHSHQFLOOLIWHGRII WKHOLQH7KLV
VKRZVKRZP\GUDZLQJSURFHVVXVHVVPDOOVLPSOHVHJPHQWVRI OLQHV
7KHYLGHRFOLSVLQDSSHQGLFHVE	FVKRZWKHVORZQHVVRI P\GUDZLQJ7KHVHTXHQFHRI 
IRXUOLQHVHJPHQWVGUDZLQJWKHERWWRPH\HOLGWRRNîVHFRQGV6HHÀJ
7KHQH[WÀJXUHÀJVKRZVWKHVHOI SRUWUDLWGUDZLQJIXUWKHU¶GRZQWKHOLQH·WRJLYHDQ
LGHDRI KRZLWSURJUHVVHG
)LJVKRZVGUDZLQJVRI DOHDIPDGHGXULQJDQH\HWUDFNLQJVHVVLRQDW/RXJKERURXJK
8QLYHUVLW\-XO\LQFOXGHGWRVKRZWKHFDSWXUHRI GHWDLOSRVVLEOHXVLQJP\PHWKRG
0\LQWHUYLHZZLWK/\RQV/\RQVFRQÀUPHGPXFKWKDWVKHZURWHLQKHUGRFWRUDOWKHVLV
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)LJ:DUPXSEOLQGOLQHVHJPHQWV6HOI SRUWUDLW
2FWREHU
)LJ6HOI SRUWUDLWLQSURJUHVV%\DXWKRU2FWREHU
HPSKDVLVLQJWKDWIRUKHUGUDZLQJSURFHHGVORFDOO\SDUWE\SDUW:HLGHQWLÀHGWKDWKHU
DSSURDFKLVYHU\VLPLODUWRPLQHDQGWKDWZHFRQVLGHURXUPHWKRGRI REVHUYDWLRQDOGUDZLQJ
WREHSHUIRUPDWLYHHQDFWLYHHPERGLHGDQGIRUGLVFRYHU\,QWHUHVWLQJO\VKHVDLGWKDWIRUKHU
WKHSDXVHVHUYHVDVDSODFHWREUHDWKHDQGWRUHDQFKRUKHUVHOI WRWKHORRNLQJUDWKHUWKDQ
VOLSSLQJLQWRGUDZLQJIURPZKDWVKHNQRZVDERXWDWKLQJ/\RQVPLQVVPLQV
V:HERWKLGHQWLÀHGRXUSUDFWLFHDVEHWZHHQREVHUYDWLRQDODQGJHQHUDWLYHGUDZLQJLQ
WKDWZHKDYHDSDUWWRZKROHDSSURDFKZLWKRXWDSUHFRQFHLYHGHQGSURGXFWLQPLQG7KH
PHWKRGLVXVHIXODFURVVGLVFLSOLQHVIRUHGXFDWLRQDVDUHVHDUFKDQGH[SORUDWLYHWRROUDWKHUWKDQ
IRULOOXVWUDWLRQRUUHSUHVHQWDWLRQ6KHDOVRHPSKDVLVHGWKHWHPSRUDOQDWXUHRI KHUGUDZLQJ
ZLWKWKHRXWSXWEHLQJDUHFRUGRI WLPHDQGDFWLRQRI KHUGUDZLQJDQGKHUHQJDJHPHQW
ZLWKWKHREMHFWUDWKHUWKDQDSLFWXUHRUUHFRUGRI WKHREMHFW6KHVWDWHGHPSKDWLFDOO\WKDW
ZKHQGUDZLQJWKHOHQJWKRI WKHOLQHWKDWVKHGLGLWE\DQDZDUHQHVVRI WKHSHQFLOWUDYHOOLQJD
GLVWDQFHQRWE\DQDZDUHQHVVRI DVWDUWDQGHQGSRLQW7KLVZDVWKHÀQDOSRLQWVKHPDGH6HH
ÀJSHJGUDZLQJDQGYLGHRLQWHUYLHZ/\RQV
Smooth drawing / blind drawing
)LJLVDVWLOOIURPDYLGHRFOLSZLWKH\HWUDFNLQJGDWDVXSHULPSRVHGWRVKRZP\JD]HSDWK
ZKLOHFRS\LQJDOLQH7KHSLQNOLQHVKRZVWKHSDWKRI P\H\HDV,GUHZWKHOLQHGLVSOD\HG:H
FDQVHHWKDWP\H\HZDVDWDFRUUHVSRQGLQJSRLQWRQWKHRULJLQDOLQUHODWLRQWRP\KDQG
,QFRQWUDVWÀJVKRZVDPRUHFRQYHQWLRQDOPHWKRGRI REVHUYDWLRQDOGUDZLQJZLWKWKH
JD]HVZLWFKLQJEDFNDQGIRUWKEHWZHHQRULJLQDODQGSDSHU
Drawing growth
)LJVKRZVLPDJHVRI DSHDUWUHHEUDQFKWKDW,GUHZRYHUDSHULRGIURP,GUHZ
WKHVDPHEUDQFKLQDQGZLWKDEUHDNLQVHDVRQZKHUH,ZDVZRUNLQJRQRWKHU
WUDFNLQJSURMHFWV7KH'9'FRQWDLQVWKHZKROHVHULHVLQFKURQRORJLFDORUGHU7KHDLPZDVWR
XVHP\GUDZLQJPHWKRGDVDZD\WRREVHUYHWKHJURZWKWKURXJKWKHVHDVRQ6HYHUDORI WKH
LPDJHVVKRZJURXSVRI OLQHVHJPHQWVWKDWZHUHGUDZQEOLQG7KLVZDVFRQGXFWHGDVDZDUP
XSH[HUFLVHWRIDPLOLDULVHP\KDQGDQGH\HZLWKWKHOLQHV6FLHQFHGHVFULEHVWKLVDV¶PRWRU
SULPLQJ·RI WKHKDQGHQFRGLQJWKHOLQHWRPRWRUPHPRU\DVRFFXUVLQOHDUQLQJDSKUDVHWR
SOD\RQWKHSLDQR
Drawing as navigation 
,H[SORUHGQDYLJDWLRQDVDQDQDORJ\IRUREVHUYDWLRQDOGUDZLQJ7KHUHDUHWZRGLVWLQFW
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)LJ'UDZLQJVPDGHZKLOHEHLQJH\HWUDFNHG
)ROORZLQJÀQHGHWDLORI OHDI
)LJ'UDZLQJRI SHJE\/XF\/\RQV-XO\

DSSURDFKHVWRQDYLJDWLRQXVLQJDPDSRUXVLQJWKHHQYLURQPHQW8VLQJDPDS\RXKDYHWKH
ZKROHSLFWXUHDQG\RXWU\WRPDWFKZKHUH\RXDUHWRFRUUHVSRQGLQJSRLQWVRQWKHPDS<RX
KDYHWRXQGHUVWDQGKRZWKHSODQYLHZZLWKV\PEROVWUDQVODWHVLQWR\RXUHJRFHQWULFYLHZ
QRUPDOO\DQHOHYDWLRQRI WKHUHDOZRUOGHJZKDWGRHVDOLQHUHSUHVHQWLQJDURDGORRNOLNH
IURPP\SRLQWRI YLHZRQWKHURDG",QDZD\\RXLPDJLQH\RXUVHOI RQWKHPDSDQGLQWKH
ZRUOGDWWKHVDPHWLPH$OWHUQDWLYHO\LI \RXGRQ·WKDYHDPDSRU\RXSUHIHUQRWWRXVHRQH
\RXFDQÀQG\RXUZD\ZLWKLQWKHHQYLURQPHQWUHO\LQJRQDQHJRFHQWULFV\VWHPE\ZKLFK\RX
RULHQWDWH\RXUVHOI WRWKHHQYLURQPHQWNHHSLQJDQH\HRQODQGPDUNVRURWKHUPDUNHUVWR
FRQVWDQWO\PRQLWRUDQGDGMXVW\RXUSRVLWLRQLQUHODWLRQWRWKHVH7KLVGHSHQGVRQNQRZOHGJH
RI \RXUSK\VLFDOHQYLURQPHQWDQGWKHGHVLUHGUHODWLRQVKLSVZLWKLWDQGWKHPDLQWHQDQFHRI 
WKHVHUHODWLRQVKLSVLQRUGHUWRUHDFKWKHLUJRDO²WKLVFRXOGEHLQUHODWLRQWRWKHVN\WKHVXQ
VWDUVWKHODQGVFDSH:KHQXVLQJWKHPDS\RXKDYHWRKDYHDJUDVSRI WKHUHODWLRQVKLSEHWZHHQ
\RXUVHOI\RXUFXUUHQWORFDWLRQDQGDQLPDJLQHG\RXRQWKHPDS7KHZD\IDULQJWHFKQLTXH
UHO\LQJRQDQDZDUHQHVVRI ZKHUH\RXDUHLQWKHHQYLURQPHQWPRUHFORVHO\UHVHPEOHVP\
GUDZLQJPHWKRGUDWKHUWKDQUHIHUWRDPDSRI WKHZKROHMRXUQH\ZKLFKLQWKLVFDVHZRXOGEH
SURYLGHGE\WKHH[WHUQDOREMHFWRQHUHOLHVRQDQRQJRLQJVHOIRULHQWDWLRQDVRQHSURJUHVVHV
,QWHUPVRI RULHQWDWLRQLQWKHFDVHRI GUDZLQJWKHHQYLURQPHQWFRQVLVWVRI OLQHVMXVWGUDZQ
DQGWKHLUFRXQWHUSDUWVLQWKHZRUOG2ULHQWDWLRQHQWDLOVFKHFNLQJWKDWOLQHVHJPHQWVGUDZQ
PDWFKWKRVHWKH\PLUURUDQGWKDWWKH\MRLQWRJHWKHUDWWKHVDPHDQJOH*RLQJEH\RQGWKH
OLPLWVRI WKHVWXG\RI OLQHGUDZLQJVKDGLQJFDQRSHUDWHLQWKHVDPHZD\E\PDWFKLQJVKDSHV
RI DUHDVRI VKDGLQJWRFRQÀUPWKDWWKHSDUWVDUHDFFXUDWHO\DUWLFXODWHG
7YHUVN\DQG6XZDUHIHUUHGWRWKHVHWZRV\VWHPVDVZD\IDULQJDQGURXWHÀQGLQJ5RXWH
ÀQGLQJXVHVDPDSUDWKHUWKDQWKHHQYLURQPHQWWRUHDFKWKHJRDOVRDUHSUHVHQWDWLRQRI 
WKHZKROHMRXUQH\LVDYDLODEOH:KHUHDVLQZD\IDULQJWKHQDYLJDWRUSURFHHGVGHWDLOE\GHWDLO
NQRZLQJWKDWWKHJRDOZLOOEHUHDFKHGEHFDXVHWKHGHWDLOVDUHFRUUHFWDQGZLOOOHDGWRWKH
JRDO:RUNLQJZLWK7YHUVN\DW&ROXPELD8QLYHUVLW\GRFWRUDOVWXGHQWDQGHGXFDWRU$QGUHD
.DQWURZLW]3K'WKHVLVVXEPLWWHG$SULOLVH[SORULQJWKHDQDORJ\EHWZHHQQDYLJDWLRQ
DQGGUDZLQJSURSRVLQJWKDWURXWHÀQGLQJLVXVHGIRUGHSLFWLRQZKLOHZD\IDULQJIRUJHQHUDWLYH
GUDZLQJIURPLPDJLQDWLRQIRUGLVFRYHU\6KHK\SRWKHVLVHVWKDWREVHUYDWLRQDOGUDZLQJPRUH
RIWHQXVHVDPHWKRGDNLQWRURXWHÀQGLQJLHXVLQJDPDSZKLOH¶GUDZLQJIRUGLVFRYHU\·IRU
H[DPSOHWRGHVLJQXVHVDZD\IDULQJPHWKRG7KHGLVFRYHU\PRGHLVXVHGWRLQQRYDWHGHVLJQ
DQGWKLQNZLWKRXWDQH[WHUQDOREMHFWWRGUDZIURP:D\IDULQJHQWDLOVWKHQDYLJDWRUSRVVHVVLQJ
DERGLO\DZDUHQHVVRI KHUSRVLWLRQLQDQGUHODWLRQVKLSZLWKWKHZRUOGNQRZLQJZKHUHVKHLV
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)LJ'UDZLQJEOLQG-XO\
)LJ6WLOORI WKHH\HSDWKRI 0LFKHOOH)DYDGUDZLQJDXWKRU·V
SURÀOH-XO\
ZLWKRXWORRNLQJDWDPDS6KHIHHOVKHUZD\,WLVDJHQHUDWLRQDOPHWKRGZLWKWKHZKROHQRW
\HWH[LVWLQJVRWKHGUDZHUKDVQRSRVVLELOLW\RI XVLQJDURXWHÀQGLQJPHWKRG7KHUHLVQRPDS
IRUWKHGUDZLQJ
,QREVHUYDWLRQDOGUDZLQJDQH[WHUQDOPDSLQWKHIRUPRI WKHZKROHREMHFWWREHGUDZQLV
DYDLODEOH6RZK\QRWXVHLW"2EVHUYDWLRQDOGUDZHUVRIWHQGREHJLQQLQJE\VNHWFKLQJLQDQ
RXWOLQHRI WKHZKROHREMHFWWRDQFKRUWKHGUDZLQJ7KHQWKH\SURFHHGVHJPHQWE\VHJPHQW
GHWDLOE\GHWDLO$QDELOLW\WRVZLWFKDWWHQWLRQEHWZHHQWKHZKROHDQGGHWDLOLVSRVLWHGDVD
PDUNHURI H[SHUWGUDZLQJVNLOO)D\HQD7DZLO.R]EHOW6LWDUDV&KDPEHUODLQ0\
PHWKRGGLYHUJHVIURPWKLVXVLQJDPHWKRGPRUHOLNHZD\IDULQJZKHUHWKHGUDZHUDWWHQGV
RQO\WRGHWDLODWWHQGLQJWRWKHUHODWLRQVKLSVEHWZHHQGHWDLOVVHJPHQWVDQGNQRZLQJWKDWLI 
WKH\DUHSUHFLVHO\UHODWHGDQGRULHQWDWHGDQDFFXUDWHZKROHZLOOHPHUJH7KHSUDFWLFHRI WKLV
ZD\RI GUDZLQJLVOLNHGRLQJ6XGRNXSX]]OHVZKHUHRQHSURFHHGVLQVPDOOVWHSVDQGDVORQJ
DV\RXGRQ·WPDNHDPLVWDNHLQ\RXUUHDVRQLQJ\RXZLOOVXFFHHGLQVROYLQJWKHSX]]OH,VWKLVD
PRUH¶ULJKWEUDLQ·LQWXLWLYHZD\RI GUDZLQJ"$PRUHHPERGLHGZD\RI GUDZLQJ",WLVDNLQWR
DEOLQGSHUVRQIHHOLQJWKHLUZD\LQWLPHDURXQGDQREMHFWDQGFRPLQJWRXQGHUVWDQGZKDWLW
LVDQGKHQFHÀWVZLWK*UHJRU\·VGHÀQLWLRQRI YLVLRQDV¶WRXFKDWDGLVWDQFH·DQG1LFRODwGHV·
LQVWUXFWLRQWRLPDJLQHRQHVHOI WRXFKLQJWKHREMHFWWREHGUDZQ
0\PHWKRGJLYHVDVHQVHRI HPHUJHQFHWKDWRQHKDVEXLOWWKHREMHFWSLHFHE\SLHFHDQGLWÀWV
WRJHWKHU7KLVDYRLGVWKHULVNWKDWWKHZKROHGRPLQDWHVDQGWKDWWKHGHWDLOVDUHGLVWRUWHGWRÀW
LQWRDZKROH²EULQJLQJXVEDFNWRWKHTXHVWLRQRI FRQFHSWXDOELDVDQGSUHFRQFHSWLRQVDERXW
REMHFWV7FKDOHQNRDQG.R]EHOWERWKVXJJHVWWKDWYLVXRPRWRUHQFRGLQJRI OLQHVHJPHQWV
KHOSVWRDYRLGFRQFHSWXDOELDV0\PHWKRGLPSOHPHQWVWKLVLQWHDFKLQJSUDFWLFHXVLQJPRWRU
SURFHVVHVDQGDWWHQWLRQWRGHWDLODVH[SOLFLWVWUDWHJLHV
0\PHWKRGSURSRVHVXVLQJWKH¶GLVFRYHU\·PRGHIRUREVHUYDWLRQDOGUDZLQJ:KDWGRHV
WKLVPHDQIRUWKHSURFHVV")DYDÀOPHGPHGUDZLQJDVDFDVHVWXG\LQKHUUHVHDUFK3K'
LQSUHSDUDWLRQDQGGHÀQHGP\DSSURDFKDV¶DGGLWLYH·&DQZHDUJXHWKDWLWLQVRPHZD\
EHFRPHV¶OHVVFRJQLWLYH·LQWKHVHQVHWKDWLWQHHGVOHVVWKRXJKWDQGPRUHDFWLRQ"2UUDWKHU
WKDWLWLVPRUHSK\VLFDODQGWKDWPHDQLQJHPHUJHVIURPDFWLRQ",WLVPRUHRI DPRPHQWE\
PRPHQWLQTXLU\DOORZLQJWKHSK\VLFDODFWLRQWRFRQWUROWKHRXWFRPHZLWKRXWORRNLQJRU
SUHGHWHUPLQLQJWKHGHVWLQDWLRQ)RUPHGUDZLQJKDVH[FLWLQJPRPHQWVZKHQWKHOLQHVOLQN
XSDVH[SODLQHGDERYHVKRZLQJWKDW\RXDUHRQWKHULJKWWUDFNLQWHUPVRI DFFXUDF\DQG
UHODWLRQVKLSVRI SDUWV7KHUHLVRQO\RQHVROXWLRQWKDWZRUNV²LI DOOWKHSDUWVUHODWHFRUUHFWO\
'UDZLQJSUDFWLWLRQHUDQGUHVHDUFKHU/XF\/\RQVXVHVDPHWKRGYHU\VLPLODUWRPLQH6HH
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)LJ'UDZLQJ*URZWK3KRWRRI SHDUWUHHZLWKREVHUYDWLRQDOGUDZLQJVPDGH
LQWHUYLHZZLWKDXWKRU/\RQV$VRXWOLQHGHDUOLHUVKHGHÀQHVKHUGUDZLQJSURFHVVDV
WUDYHOOLQJDORQJWKHOLQHZLWKKHUH\H
Living the line
,UHDOLVHGWKDW,WDONDERXWDQGIHHODVWKRXJK,DPDFWXDOO\WUDYHOOLQJDORQJWKHOLQHP\VHOI 
ZKHQ,GUDZ7KLVEULQJVXVÀUPO\LQWRWKHUHDOPVRI HPERGLPHQWLI ZHÀQGWKDWDVGUDZHUV
ZHDUHLPDJLQLQJRXUPRYLQJERGLHVWREHWKHSHQFLO²PRUHRYHUZLWKP\PHWKRGWKLVPRYHV
IURPLPDJLQDWLRQLQWRUHDOLW\EHFDXVHDSDUWRI RXUERG\WKHH\HLVOLWHUDOO\WUDYHOOLQJDORQJ
WKHOLQHDVZHGUDZ:HDUHQRWDV3DXO.OHHVXJJHVWHGWDNLQJWKHOLQHIRUDZDONEXWUDWKHU
ZDONLQJWKHOLQH(QFRXUDJLQJWKHH\HWRWUDYHOVORZO\DORQJWKHOLQHDVP\PHWKRGGRHV
PD\FRQWULEXWHWRWKHIHHOLQJRI EHLQJWKHOLQH:KHQZKDWLVLPSRUWDQWLVNQRZLQJKRZWKH
OLQHVUHODWHWRWKHMXVWGUDZQOLQHVWKLVERGLO\LGHQWLÀFDWLRQZLWKWKHOLQHEHFRPHVDZD\RI 
XQGHUVWDQGLQJWKHPRYHPHQWRI WKHOLQH
Target locking 
2QHRI WKHLQWHUHVWLQJTXHVWLRQVWKDWDURVHIURPP\UHÁHFWLYHSUDFWLFHZDVWKHTXHVWLRQ
RI WDUJHWORFNLQJ7FKDOHQNRIUHTXHQWO\REVHUYHGWKDWSHRSOHÀ[DWHRQDQHQGSRLQWRQWKH
SDSHUWRGUDZWR7FKDOHQNRDQG0LDOODSLPSO\LQJWKDWWKHOLQHLVSODQQHGEHIRUH
H[HFXWLRQZLWKLWVOHQJWKDQGWUDMHFWRU\SURMHFWHGRQWRWKHSDSHU+RZHYHULQP\RZQ
SUDFWLFH,RIWHQGRQRWVHOHFWDQHQGSRLQWIRUOLQHVHJPHQWVDVLWLVQRWXQWLOPRUHOLQHVDUH
GUDZQWKDWWKHHQGSRLQWZLOOEHFOHDU
7KLVVXJJHVWVDGLIIHUHQWPHWKRGZLWKWKHOHQJWKRI WKHOLQHXQGHFLGHGDQGWREHGLVFRYHUHG
WKURXJKWKHGUDZLQJ$Q\RQHOLQHUHOLHVRQWKHDUWLFXODWLRQZLWKRWKHUOLQHVQRWRQDQLVRODWHG
DELOLW\WRGUDZDVLPSOHVHJPHQWWRVFDOH:HPD\ÀQGWKDWH[SHUWVFDQGUDZWRVFDOHDQG
FDQRULHQWDWHVLPSOHOLQHVWRWKHYHUWLFDOLI UHTXLUHGEXWWKLVWULDQJXODWLQJPHWKRGRIIHUVDQ
DFFXUDWHFKHFNLQJPHFKDQLVPDVWKHGUDZLQJSURFHHGVWRDQFKRUWKHOLQHV,QSUDFWLFHLI ,
GUDZDOLQHWRRORQJDQRWKHUOLQHZLOOFKDOOHQJHLWODWHURQE\LQWHUVHFWLQJLWEHIRUHLWVHQG7KH
TXHVWLRQDWWKDWSRLQWZLOOEHZKLFKOLQHLVULJKW²LVWKHVHFRQGOLQHDWWKHZURQJDQJOHRULV
WKHÀUVWOLQHWRRORQJ"7KHOLQHVNHHSHDFKRWKHU¶LQOLQH·2EVHUYDWLRQDOGUDZLQJLQWKLVZD\LV
DGHGXFWLYHSURFHVV
7FKDOHQNR·VDQDO\WLFDOGHFRPSRVLWLRQRI OLQHVHJPHQWVLQWRWKUHHHOHPHQWVÀWZLWKWKLV+H
GHÀQHVWKHVHDVVKDSHFXUYDWXUHVFDOHDQGRULHQWDWLRQ7KHVHDVSHFWVDUHDOOLQYHVWLJDWHG
LQSUDFWLFHE\XVLQJP\GUDZLQJPHWKRGWKHPHWKRGLWVHOI FRQVWDQWO\FKHFNVIRUHUURUV
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LGHQWLÀHGZKHQOLQHVHJPHQWVGRQRWPDWFKDOLJQZLWKRQHDQRWKHU%\OHDYLQJWKHOHQJWK
RI OLQHVRSHQDQGFRQWLQJHQWWKHÀUVWTXHVWLRQUHODWHVWRDQJOHRULHQWDWLRQIRUZKLFK,WU\
WRDOLJQDQGFRRUGLQDWHWKHH\HDQGKDQGWRODXQFKWKHOLQHDWWKHFRUUHFWDQJOHWRWKHYHUWLFDO
KRUL]RQWDORULQUHODWLRQWRDQRWKHUDOUHDG\GUDZQOLQH,WKHQDWWHQGWRWKHFXUYDWXUHRI WKH
OLQHE\GUDZLQJWKHOLQHE\V\QFKURQLVLQJWKHH\HDQGKDQG)RUPHHUURUVDUHPRUHRIWHQ
PDGHLQWHUPVRI H[DJJHUDWLRQRI FXUYDWXUHUDWKHUWKDQDQJOHRI OLQH2EYLRXVO\WKHWZR
DUHLQWHUUHODWHGDVWKHFXUYDWXUHLVDERXWFKDQJHVLQRULHQWDWLRQKRZHYHUWKHRULHQWDWLRQDW
WKHVWDUWRI DVHJPHQWLVGLVWLQFWIURPWKHRQJRLQJRULHQWDWLRQRI WKHOLQHDFKLHYHGZKLOH
GUDZLQJ/\RQVVWDWHGWKDWIRUKHUWKHSDXVHIXQFWLRQVDVDVSDFHWRUHDQFKRUKHUVHOI WRWKH
REMHFWDQGWR¶ZKHUHVKHLV·/\RQVPLQVV7KHLQLWLDORULHQWDWLRQRI WKHOLQHFRPHV
DIWHUDSDXVHZKHQDVVHVVPHQWRI SUHYLRXVOLQHVZLOOKDYHRFFXUUHGDQGSODQVPDGHIRUWKH
QH[WOLQHWREHGUDZQ7KHODXQFKLQJRI WKHOLQHLVGLIIHUHQWIURPWKHRQJRLQJPRQLWRULQJ
RI WKHFKDQJHVRI DQJOHDVWKHOLQHLVGUDZQ7FKDOHQNREHOLHYHVWKDWWKHYLVXDOVKDSHRI WKH
OLQHLVHQFRGHGLQWRDPRWRUSODQDQGWKHQH[HFXWHGEHWZHHQDFKRVHQVWDUWDQGHQGSRLQW
RQWKHSDSHU5HODWHGWRWKLVKHEHOLHYHVWKDWWKHHQFRGLQJRI WKHVKDSHLVDFFXUDWHZLWKRXW
UHIHUHQFHWRWKHSDSHUEXWWKDWJHWWLQJWKHVFDOHRI WKHVHJPHQWDFFXUDWHDQGDWWKHULJKWDQJOH
LVVXEMHFWWRHUURUXQOHVVRQHORRNVDWWKHSDSHUWRVHOHFWDVWDUWDQGHQGSRLQWIRUWKHOLQH,
SURSRVHWKDWWKHWUDYHOOLQJOLQHPHWKRGVROYHVWKHSUREOHPVRI VFDOHDQGRULHQWDWLRQDVWKH
OLQHLVHPERGLHGDQGHDVLO\GUDZQWRVFDOHDQGRULHQWDWHG,QZKLFKFDVHORRNLQJDWWKHSDSHU
QHHGRQO\FKHFNIRUWKHVWDUWSRLQWDQGDVVHVVWKHOLQHVRQFHGUDZLQJIRU7FKDOHQNR·VWKUHH
HOHPHQWV%\WKLVPHWKRGWKHHQGSRLQWGRHVQRWQHHGWREHVHOHFWHGLWZLOOEHGLVFRYHUHGE\
RWKHUIXWXUHOLQHV
/\RQVXVHGWKHDQDORJ\RI FRRNLQJIURPDUHFLSHFRPSDUHGWRFRRNLQJIURPLQJUHGLHQWV
DQDORJRXVWRLGHDVDERYHDERXWWKHQDYLJDWLRQRI GUDZLQJ7KHLVVXHFRPHVEDFNWRZKHWKHU
\RXGUDZIURPSDUWVWRZKROHRUIURPWKHZKROH7KHSURÀOHVRI GHSLFWLRQDQGGLVFRYHU\
GUDZLQJZLOOEHLQWHUHVWLQJWRIXUWKHUH[SORUHZLWKWKHSRVVLELOLW\RI FRPSDULQJEUDLQDFWLYLW\
DQGH\HPRYHPHQWVWRWHVWZKHWKHUWKHDQDORJ\RI URXWHÀQGLQJDQGZD\IDULQJÀQGVHPSLULFDO
VXSSRUWDQGWRGHYHORSRXUXQGHUVWDQGLQJRI GLIIHUHQWZD\VDQGXVHVRI GUDZLQJ
)LQDOO\WKLVOHDGVXVWRDVNZKHWKHUGUDZLQJLVEHWWHUIUDPHGDVURRWHGLQIHHOLQJUDWKHUWKDQ
LQYLVLRQ7KHQH[WFKDSWHUGLVFXVVHVWKLVLQPRUHGHWDLOSURSRVLQJDPXOWLVHQVRU\HQDFWLYH
IUDPHZRUNIRUWKHSUDFWLFHDQGUHVHDUFKRI REVHUYDWLRQDOGUDZLQJ
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)LJ2EVHUYDWLRQDOGUDZLQJE\VWXGHQW.WK2FWREHU'UDZLQJ*URZWK
FODVV
Student feedback
,WDXJKWVHYHUDOVWXGHQWVGXULQJWKHVWXG\.DQG3ERWKLGHQWLÀHGDVEHJLQQHUV$+KDG
PLQLPDOGUDZLQJH[SHULHQFH%HORZLVVRPHRI WKHLUIHHGEDFNRQP\WHDFKLQJPHWKRG
,JDYH.ZKDWKHFODLPHGZDVKLVÀUVWHYHUGUDZLQJOHVVRQ,XVHGP\PHWKRGRI FRQQHFWLQJ
H\HDQGKDQG+HZULWHVRI DVHQVHRI FRQQHFWLRQWRWKHREMHFW6HHÀJ
+HIROORZHGOLQHVDURXQGWKHSODQWZLWKKLVH\HVDQGGUHZWKHOLQHVZLWKKLVKDQGDWWKHVDPH
WLPH+HZURWH
0DQ\WKDQNVIRUWDNLQJWKHWLPHWRVWDUWPHRII GUDZLQJODVW7XHVGD\$V
SURPLVHGKHUHDUHVRPHEULHI WKRXJKWVZULWWHQDIWHUWKHVHVVLRQ
,VWUXJJOHGDELWWRJHWWKHFRQWRXURI WKHOHDI VKDSH,ZDVGUDZLQJWR
UHÁHFWZKDW,ZDVDFWXDOO\VHHLQJLQIURQWRI PH,TXLFNO\EHFDPHDZDUH
RI KRZLWLVQHFHVVDU\WRHVWDEOLVKDEDVLFDIÀQLW\ZLWKWKHGUDZQREMHFW
LI RQHZDQWVWRGUDZZHOO:KLOHGUDZLQJ,ZDVEHLQJOHGLQWRDGHHSHU
RUPRUHFRPSOHWHZD\RI VHHLQJDQGH[SHULHQFLQJWKHOHDYHVRI DSODQW
LHWKHFXUYDWXUHQXDQFHVRI OLJKWDQGVKDGH,UHÁHFWHGRQWKHIDFWWKDW
WKLVKHLJKWHQHGDZDUHQHVVLVSDUWRI WKHYLVXDODUWLVWV·YLHZRI WKHZRUOG,
VWDUWORRNLQJDWEXLOGLQJVWUHHVDQGSODQWVZLWKJUHDWHULQWLPDF\DQGGHWDLO
&RORXUVKDSHDQGLOOXPLQDWLRQWDNHRQDJUHDWHULQWHQVLW\7KHUHVXOWFDQEH
DOLEHUDWLRQIURPDSUHYLRXVO\KHOGVWUXFWXUDOYLHZRI WKHZRUOGLQWRJUHDWHU
IUHHGRP
&KHHUV3HUVRQDOFRUUHVSRQGHQFHHPDLOUHFHLYHGWK2FWREHU
6WXGHQW3NHSWDGLDU\RI KHUH[SHULHQFHRI P\WHDFKLQJ+HUHDUHH[FHUSWVIURPKHUGLDU\
'UDZLQJZLWK$QJLHWK0DUFK
:LWKRXWORRNLQJ&KDOOHQJLQJDVQRUPDOO\ORRNDQGORRNDWSDSHUDVVHVVLQJ
DQGFULWLFLVLQJ+DGDVHQVHRI IROORZLQJWKHOLQHDQGÁRZ3OHDVHGZLWK
UHVXOWRI GRLQJDVPDOODUHDDVLWORRNHGTXLWHG,UHDOO\ORRNHGLQWHQWO\DW
VXEMHFWLQDZD\QRWGRQHEHIRUH3HUVRQDOFRUUHVSRQGHQFHHPDLOUHFHLYHG
0DUFK
6WXGHQW$+WRRNSDUWLQDOHVVRQZLWKWKUHHVWXGHQWVLQ)HEUXDU\6KHZURWHUHJDUGLQJ
H\HKDQGV\QFKURQLVDWLRQLQVWUXFWLRQV
(\H+DQGVHFWLRQ,IRXQGWKLVWHFKQLTXHSDUWLFXODUO\H[TXLVLWHDQG
GHOLJKWIXOYHU\SHDFHIXO/29('WKHIHHOLQJWKDWWKHH\HZDVOLNHD
SHQFLODQGDOVR/29('WKHIHHOLQJOLNH,ZDVWKDWSHQFLOSRLQWDOOYHU\
PHGLWDWLYH,ZDVYHU\VXUSULVHGGHOLJKWHGDQGLQWULJXHGE\WKHHPSKDVLV
RQSURFHVVUDWKHUWKDQUHVXOWDQGDOVRE\WKHYHU\SDUWLFXODUHPSKDVLVRQ
H\HKDQGFRQQHFWLRQ,WIHOWLQVWDQWO\PHDQLQJIXODQGSXUSRVHIXODQG\HW
FRPSOHWHO\XQH[SHFWHG«WKHUHZHUHWLPHUHVWULFWLRQVLQWKHFODVVDQG
,ZRXOGKDYHORYHGWRLQFUHPHQWDOO\JRIURPWKLVPRPHQWE\PRPHQW
EHLQJGUDZLQJWKLQJWRSRUWUDLWGUDZLQJ(YHQWKRXJK,GLGQRW
FRPSOHWHWKHSURFHVV,FRXOGVHQVHKRZPDNLQJWKHH\HKDQGFRQQHFWLRQ
ZRXOGFRPSOHWHO\WUDQVIRUPWKH´JUDVSLQJµµFDSWXULQJµHQWHUSULVHRI 
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SRUWUDLWGUDZLQJLQWRVRPHWKLQJIDUPRUHLQWHUDFWLYHIDUPRUHDERXW
´EHLQJµWKDQ´GRLQJµ"DQG,FRXOGVHHWKDWWKLVWHFKQLTXHZRXOGHYHQ
LQWURGXFHVRPHNLQGRI LQWHJUDWLRQEHWZHHQVXEMHFWDQGREMHFW3HUVRQDO
FRUUHVSRQGHQFHHPDLOUHFHLYHG)HEUXDU\
)LQDOO\VKHFRPPHQWHGWKDWVKHIRXQGWKHPHWKRG¶UHDOO\TXLWHEHDXWLIXOXQLTXHDQG
HIIHFWLYH·3HUVRQDOFRUUHVSRQGHQFHHPDLOUHFHLYHG)HEUXDU\
6.4 Discussion
7KHGLVFXVVLRQUHÁHFWVRQWKHGUDZLQJPHWKRGLQWHUPVRI WKHUHODWLRQVKLSEHWZHHQ
SHUFHSWLRQDQGDFWLRQDQGFRQVLGHUVLWVSHGDJRJLFDQGUHVHDUFKDSSOLFDWLRQV7KHPHWKRG
LVH[SORUDWLYHUDWKHUWKDQGHSLFWLYHRIIHULQJDQDOWHUQDWLYHPRWRUEDVHGZD\RI GUDZLQJ
,QVXPPDU\WKHLQVWUXFWLRQVWDUWVE\H[SORULQJWKHWKHRU\DQGSUDFWLFHRI HYHU\GD\H\H
PRYHPHQWVSURJUHVVHVWRSUDFWLVLQJGUDZLQJZLWKWKHH\HDQGKDQGGUDZLQJEOLQGLH
NHHSLQJRQH·VH\HRQWKHREMHFWUHSHDWHGGUDZLQJRI DVHJPHQWRI OLQHWRWKHFRPSOHWH
PHWKRGZKHUHLQDWWHQWLRQLVSDLGWRWLPLQJDQGSDXVLQJWKHH\HJODQFHVDWWKHRULJLQDODWWKH
EHJLQQLQJDQGHQGRI WKHHDFKVLPSOHOLQHVHJPHQWDQGXVHVWKHSDXVHVWRDVVHVVOLQHVLQ
FRPSDULVRQZLWKWKHRULJLQDOWRFKHFNFXUYDWXUHDQJOHSRVLWLRQRQWKHSDJHDQGVFDOHDQG
WKHLULQWHUUHODWLRQV
A research method
7KHDLPLVQRWWRPDNHDGUDZLQJEXWWRGLVFRYHUWKLQJVDERXWWKHREMHFWDQGDERXW
SHUFHSWLRQDQGWRHQJDJHLQDSDUWLFXODUPRGHRI ORRNLQJDQGREVHUYDWLRQRQO\DYDLODEOH
WKURXJKFORVHFRPPXQLFDWLRQEHWZHHQH\HDQGKDQG7KHÀQDOGUDZLQJWKHRXWFRPHRQ
WKHSDSHUPD\RUPD\QRWFRQWDLQHYLGHQFHRI GLVFRYHULHVPDGH(YLGHQFHPD\EHIRXQG
LQWKHGUDZHU·VDFFRXQWRI NQRZOHGJHDFTXLVLWLRQDQGLQWKHLUIHHOLQJRI GHYHORSPHQWRI 
REVHUYDWLRQDOVNLOO7KHUHLVDÀQHEDODQFHUHTXLUHGEHWZHHQDWWHQWLRQWRSDUWVDQGZKROH
,QWKLVFDVHWKHGUDZLQJDQGREVHUYDWLRQRI GHWDLOUDWKHUWKDQZKROHLVDFKLHYHGWKURXJKD
IRFXVRQVHJPHQWDWLRQRI OLQHVLQWLPHDQGDQDZDUHQHVVRI PRYHPHQW0HWKRGVVXFKDV
%HWW\(GZDUGV·VLPLODUO\DWWHQGWRSDUWVWREXLOGXSWKHZKROHEXWE\IRFXVLQJRQDFRJQLWLYH
VKLIWUDWKHUWKDQPRWRUDFWLRQDQGUK\WKP:KLOHPDQ\SUDFWLWLRQHUVVNHWFKDQRXWOLQHEHIRUH
GUDZLQJP\PHWKRGSURFHHGVIURPGHWDLOWRGHWDLODOORZLQJWKHZKROHWRHPHUJHIURPWKH
SDUWV,SURSRVHWKDWWKLVPHWKRGKDVDSDUWLFXODUVWUHQJWKIRUUHVHDUFKDVLWDFNQRZOHGJHV
WKDWWKHSHUFHSWFKDQJHVWKURXJKWKHSURJUHVVLRQRI WKHGUDZLQJDQGDOORZVWKHZKROHDV
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DQDUWLFXODWLRQRI WKHSDUWVWRHPHUJHRQWKHSDJH(QWDLOHGLQWKHSURFHVVLVH[SORUDWLRQRI 
SHUFHSWLRQLWVHOI+RZHYHUZRUNRQVNHWFKLQJVXJJHVWVWKDWXQGHUGHWHUPLQHGDPELJXRXV
GUDZLQJVDOORZURRPIRUDPHQGPHQWGXULQJWKHFUHDWLYHSURFHVVVHH6XZD	7YHUVN\
7YHUVN\EVRSURFHVVHVZKHUHDSURYLVLRQDORXWOLQHLVGUDZQWREHDOWHUHGDOVRÀWLQWR
WKLVPRGHORI UHVHDUFKGUDZLQJ,QJHQHUDOWKRXJKGUDZLQJWKDWVWDUWVIURPDQRXWOLQHDQGÀWV
WKHSDUWVLQWRWKHZKROHLVPRUHLOOXVWUDWLYHDQGOHVVDUHVHDUFKPHWKRGXQOHVVWKHZKROHLV
DFNQRZOHGJHGWREHFRQWLQJHQWDQGDZD\LVIRXQGWRSULRULWLVHWKHDUWLFXODWLRQRI WKHGHWDLOV
Cognition and action
9DQ6RPPHUV·VWDWHPHQWWKDWFRS\LQJLVDWUDQVODWLRQDODQGFRQVWUXFWLYHSURFHVVUDWKHUWKDQD
¶PDWFKLQJRI SHUFHSWLRQWRDFWLRQ·SUHVRQDWHVZLWK0HUOHDX3RQW\·VGHVFULSWLRQRI 
WKHDUWLVW·VQHWZHDYLQJÀVKLJQRULQJZD\RI ORRNLQJ7KLVOHDGVXVWRZDUGVWKHSURSRVLWLRQ
WKDWREVHUYDWLRQDOGUDZLQJVLWVEHWZHHQVHQVHDQGDFWLRQHPEUDFLQJERWKZLWKDQHVSHFLDO
FRQQHFWLRQEHWZHHQWKHH\HDQGKDQGDJRRGH[HPSODURI WKHQHZSDUDGLJPRI HQDFWLYH
YLVLRQDQGSHUFHSWLRQLQDFWLRQ0\LQVWUXFWLRQORRNVIRUGLUHFWDQGDSSURSULDWHWUDQVODWLRQ
VNLOOVHQWHUWDLQLQJDPRUHÁXLGDQGLQWHJUDWHGYLHZRI WKHSOD\EHWZHHQVHQVHVDQGSHUFHSWLRQ
DQGEHWZHHQWKHH\HDQGWKHKDQG'RHVWKHKDQGVHH"
:LWKRXWSUDFWLFHWKLVNLQGRI VHQVDWLRQLVUDWKHUFRQIXVHGDQGGLPEXWLI 
\RXWDNHPHQERUQEOLQGZKRKDYHPDGHXVHRI VXFKVHQVDWLRQVDOOWKHLU
OLIH\RXZLOOÀQGWKDWWKH\IHHOWKLQJVZLWKVXFKSHUIHFWH[DFWQHVVWKDWRQH
PLJKWDOVRVD\WKDWWKH\VHHZLWKWKHLUKDQGV'HVFDUWHVS
'HVFDUWHV·LQVLJKWDERXWWRXFKLVEHJLQQLQJWREHVXSSRUWHGE\VFLHQWLÀFUHVHDUFKRI VHQVRU\
VXEVWLWXWLRQ7KHKDQGFDQDQFKRUSHUFHSWLRQDQGWHDFKWKHH\HWKH\FDQVHDUFKWRJHWKHUDQG
LQVWUXFWRQHDQRWKHUDVDFNQRZOHGJHGE\DUWLVWV%ULGJHW 5LOH\DQG5XVNLQ
7KHUHDUHWZRSRLQWVWRPDNHDERXWWKHLQVWUXFWLRQLQWHUPVRI WKHGLYLVLRQRI FRJQLWLYH
DQGH[HFXWLYHSKDVHVÀUVWO\KRZWKLVVHSDUDWLRQDQGH[SOLFLWH[SODQDWLRQZRUNVZHOODVDQ
LQVWUXFWLRQDQGVHFRQGO\KRZLWFDQEHXVHGDPRGHOIRUIXUWKHUVFLHQWLÀFWHVWLQJ,WKDVEHHQ
GLIÀFXOWIRUSV\FKRORJLVWVWREUHDNGRZQWKHFRPSOH[LQWHUWZLQLQJRI SURFHVVHVLQYROYHGLQ
GUDZLQJ7KHFRQWUDVWLQJUROHVRI WKHH\HLQWKHWZRSKDVHVPD\IDFLOLWDWHVWXGLHVRI EUDLQ
DFWLYLW\GXULQJGUDZLQJ
$VDÀUVWVWHSWRZDUGVOHDUQLQJWRGUDZWKHPHWKRGGLYLGHVFRJQLWLYHDQGH[HFXWLYHHOHPHQWV
RI REVHUYDWLRQDOGUDZLQJLQWRWZRGLVWLQFWSKDVHV3DUDGR[LFDOO\DIWHUDUJXLQJWKDWSHUFHSWLRQ
DQGDFWLRQDUHKDUGWRVHSDUDWHWKHLQVWUXFWLRQFDQEHVHHQDVDQDWWHPSWWRVSOLWWKHGUDZLQJ
SURFHVVLQWRWZRGLVWLQFWSKDVHVRQHH[HFXWLYHDQGRQHFRJQLWLYHLHGUDZLQJDQGQRW
GUDZLQJZKHUHLQWKHWKLQNLQJWDNHVSODFHZKLOHQRWGUDZLQJZKLOHSDXVLQJ7KLVLVJLYHQDVDQ
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H[SOLFLWYHUEDOLQVWUXFWLRQWRWKHVWXGHQWWRWKLQNRQO\DERXWFRRUGLQDWLQJWKHPRYHPHQWRI 
H\HDQGKDQGZKLOHWKH\DUHGUDZLQJDQGWRFRQGXFWYLVXDODVVHVVPHQWZKLOHWKH\SDXVH2QD
PLFUROHYHOWKHH\HPRYHVDQGSDXVHVGXULQJHDFKSKDVHRI PRYHPHQW²WKHH\HSDXVHVDQG
À[DWHVDQGWKHQVDFFDGHVWRDQRWKHUVSRW7KHLQVWUXFWLRQHVWDEOLVKHVDFOHDUGLYLVLRQEHWZHHQ
GUDZLQJDQGDVVHVVPHQWEHKDYLRXUDQGGLVWLQJXLVKHVWKHUROHRI WKHSDXVH7KHPRGHOLV
SRWHQWLDOO\XVHIXOIRUHPSLULFDOUHVHDUFKEHFDXVHLWKDVWKHVHGLVWLQFWSKDVHVRI DFWLRQZLWK
VSHFLÀHGIXQFWLRQ7KHVHFRXOGEHFRPSDUHGDQGWHVWHGIRUEUDLQDFWLYLW\
,KRSHWKDWWKLVGUDZLQJPHWKRGPD\RSHQXSWKHTXHVWLRQRI KRZGUDZLQJSUDFWLWLRQHUV
PHDVXUHVHJPHQWVRI OLQHZLWKWKHH\HVDQGKDQGV/\RQV·DZDUHQHVVRI WKHH\HWUDYHOOLQJ
DORQJWKHOLQHDQGFRQQHFWLQJZLWKWKHKDQGÀWVZLWKP\PHWKRGDQGWKHLGHDRI DUHOLDQFHRQ
WKHV\QFKURQLVDWLRQRI H\HDQGKDQG:KHQLQWHUSUHWLQJWKHLUI05,ÀQGLQJV0LDOODQG*RZHQ
VWDWHGWKDWZHGRQRWNQRZZKHWKHUWKHVHYLVXRPRWRUWUDQVODWLRQSURFHVVHVRI GUDZLQJ
LQYROYHHQFRGLQJRI VSDWLDOFRRUGLQDWHVDVSDWLDOPDSRURI DQLPDJLQHGDFWLRQDPRWRU
SODQ,VXVSHFWWKDWGUDZHUVXVHDUDQJHRI HQFRGLQJSURFHVVHVVRPHOLNH/\RQVDQG,PRYH
WKHH\HDORQJWKHOLQHDQGRWKHUVUHO\RQORFDWLQJDQHQGSRLQWRI WKHOLQHDQGWKHQSRVLWLRQD
WDUJHWRQWKHSDSHUIRUWKDWHQGSRLQW)RUIXWXUHVWXG\LWZRXOGEHLQWHUHVWLQJWRH[DPLQHWKH
GLIIHUHQFHVEHWZHHQWKHPHWKRGZKHUHLQWKHH\HWUDYHOVDORQJWKHOLQHUDWKHUWKDQVHOHFWVVWDUW
DQGHQGSRLQWVVWHPPLQJIURP0LDOOV·RSHQTXHVWLRQDERXWZKDWWKHI05,GDWDWHOOVXVDERXW
YLVXRPRWRUHQFRGLQJ
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Chapter 7 Discussion
7.1 Introduction
7KLVÀQDOFKDSWHUDUWLFXODWHVÀQGLQJVIURPWKHVWUDQGVRI UHVHDUFKDQGVKRZVKRZWKH\OHG
WRWKHGHYHORSPHQWRI DQHQDFWLYHDQGVFLHQWLÀFDOO\LQIRUPHGIUDPHZRUNIRUWKHSUDFWLFH
DQGWHDFKLQJRI REVHUYDWLRQDOGUDZLQJ7KHSURSRVLWLRQWKDWHPHUJHVIURPWKHVWXG\LV
WKDWGUDZLQJFDQXVHIXOO\EHIUDPHGDVDFRQYHUVDWLRQEHWZHHQWKHH\HDQGKDQGDQGWKDW
WKLVRIIHUVDSRZHUIXOZD\WRWKLQNDERXWGUDZLQJDQGWRGUDZ7KHGUDZLQJPHWKRGLVIRU
UHVHDUFKDQGGLVFRYHU\UDWKHUWKDQGHSLFWLRQ%\WKLVUHIUDPLQJREVHUYDWLRQDOGUDZLQJLV
XQGHUVWRRGWREHDSHUFHSWXDOWRRORQHGUDZVIRUSHUFHSWLRQQRWIURPSHUFHSWLRQ
&RQVLGHULQJREVHUYDWLRQDOGUDZLQJDVDERGLO\FRQYHUVDWLRQRSHQHGXSWKHH[SORUDWLRQRI KRZ
PRYHPHQWDIIHFWVSHUFHSWLRQDQGRI KRZZHWKLQNDQGXQGHUVWDQGKRZZHÀJXUHWKLQJV
RXW,WDOVRDOORZHGDQDOWHUQDWLYHDSSURDFKWRSUDFWLFHDQGWHDFKLQJKLQJLQJRQPRYHPHQW
UDWKHUWKDQGLVHPERGLHGYLVLRQ,QWKHOLJKWRI HQDFWLYHWKHRU\WKHDQVZHUWRWKHUHVHDUFK
TXHVWLRQLVWKDWGUDZLQJQRWRQO\DIIHFWVSHUFHSWLRQEXWLVLWVHOI DPRGHRI SHUFHSWLRQ
XVLQJERWKWKHH\HDQGKDQGWRDFKLHYHDQH[WUDRUGLQDU\ZD\RI XQGHUVWDQGLQJVWUXFWXUHV
RI DSSHDUDQFHDQGUHODWLRQVKLSV7KHKDQGFRQWULEXWHVWRYLVXDOSHUFHSWLRQEHFDXVHRI WKH
SDUWLFXODUUHÁHFWLYHQDWXUHRI GUDZLQJDVDVNLOO7KHDUJXPHQWLVPDGHWKURXJKVWXG\RI 
UHFHQWVFLHQWLÀFÀQGLQJVYLVLRQVFLHQFHDQGHQDFWLYHSHUFHSWLRQWKHRU\DQGUHÁHFWLYHSUDFWLFH
WKDWREVHUYDWLRQDOGUDZLQJUHTXLUHVSUHFLVHV\QFKURQLVDWLRQDQGDWZRZD\FRPPXQLFDWLRQ
EHWZHHQWKHH\HDQGKDQG7KHHQDFWLYHYLHZDOORZHGDTXHVWLRQLQJRI WKHSHUFHSWLRQDFWLRQ
GLFKRWRP\DQGFRQVLGHUDWLRQRI GUDZLQJDVDPXOWLVHQVRU\SHUFHSWXDOSURFHVV5HÁHFWLYH
SUDFWLFHSRLQWHGWKHUHVHDUFKLQWKHVDPHGLUHFWLRQSURPSWHGE\DSHUVRQDOVHQVHRI WKH
LQDGHTXDF\RI PXFKRI FRQYHQWLRQDOREVHUYDWLRQDOGUDZLQJSHGDJRJ\DGRXEWDERXWWKHUROH
RI YLVXDOPHPRU\DQGDLQWXLWLYHFRQYLFWLRQWKDWWKHKDQGSOD\VDGHFLVLYH\HWXQDFNQRZOHGJHG
UROHLQSHUFHSWLRQIRUGUDZLQJ
7KHUHFHQWVFLHQWLÀFÀQGLQJVRI SV\FKRORJLVW&KDPEHUODLQDQG7FKDOHQNRZHUHIRXQG
WREHRI SDUWLFXODULQWHUHVWLQUHODWLRQWRP\SUDFWLFHEDVHGÀQGLQJV7FKDOHQNR·VFXUUHQW
VWXG\7FKDOHQNRHWDOLQSUHVVKDVVWUHQJWKHQHGWKHDUJXPHQWWKDWPRWRUSODQQLQJ
DQGHQFRGLQJSOD\DUROHDQG&KDPEHUODLQ·VÀQGLQJVIURPH[SHULPHQWDODQGHPSLULFDOVWXG\
VXSSRUWWKLVYLHZFKDOOHQJLQJWKHLGHDWKDWREVHUYDWLRQDOGUDZLQJUHOLHVRQPHQWDOLPDJHU\
LQWHUQDOYLVXDOUHSUHVHQWDWLRQVDQGPHPRU\
270 271
7KHVWXG\HVWDEOLVKHVWKDWREVHUYDWLRQDOGUDZLQJLVDSRZHUIXOWRROIRUWKRXJKWXQGHUVWDQGLQJ
DQGUHVHDUFKDQGWKDWXQGHUVWDQGLQJKRZWRDUWLFXODWHOLQHVLVDWUDQVIHUDEOHVNLOOXVHIXOIRU
OLYLQJLQJHQHUDODQGQRWFRQÀQHGWRDUWSURGXFWLRQ'UDZLQJLVERWKDPHWDSKRUDQGDWRRO
IRUOLYLQJ,QJROGVXJJHVWVWKDW¶OLIHOLQHV·DUHRSHQHQGHGOLNH*UHJRU\·VFRQWLQJHQWJD]H
H[SORUDWLYHDQGFXULRXVUDWKHUWKDQSUHGHVWLQHGWRHQGDWDVHWSRLQW7RUHVWDWH,QJROGKROGV
DVTXRWHGKHUHRQSWKDWGUDZLQJGRHVQRW
VHHNWRUHSOLFDWHÀQLVKHGIRUPVWKDWDUHDOUHDG\VHWWOHGZKHWKHUDVLPDJHV
LQWKHPLQGRUDVREMHFWVLQWKHZRUOG,WVHHNVUDWKHUWRMRLQZLWKWKRVH
YHU\IRUFHVWKDWEULQJIRUPLQWREHLQJ7KXVWKHOLQHJURZVIURPDSRLQW
WKDWKDVEHHQVHWLQPRWLRQDVWKHSODQWJURZVIURPLWVVHHG,QJROG
S
:KLOHVRPHGUDZLQJSUDFWLWLRQHUVGUDZWRGHSLFWWKHPHWKRG,SURSRVHOHDSVLQWRWKHZRUOG
IROORZVOLQHVUDWKHUWKDQKHDGLQJWRZDUGVDYLVLEOHJRDO7KHLQWHUHVWLQJTXHVWLRQUHPDLQV
ZKHWKHUZHDV7FKDOHQNRWKLQNVWHQGWR¶WDUJHWORFN·RUDV,QJROGDQG,SURSRVHZHZDQGHU
DORQJOLQHV
7KHOLWHUDWXUHUHYLHZUHYHDOHGJDSVLQNQRZOHGJHDQGPHWKRGQRWDEO\LQFRPPXQLFDWLRQ
EHWZHHQGUDZLQJVFLHQFHDQGREVHUYDWLRQDOGUDZLQJSHGDJRJ\DQGVXJJHVWHGUHVHDUFKDYHQXHV
IRUWKHVWXG\WRLQWHUURJDWHWKHUHODWLRQVKLSVEHWZHHQH\HDQGKDQGEHWZHHQSHUFHSWLRQ
DQGDFWLRQDQGEHWZHHQVFLHQFHSKLORVRSK\DQGSHGDJRJ\)LQGLQJVIURPWKH'UDZLQJDQG
&RJQLWLRQ3URMHFWDQGWKHTXDQWLWDWLYHVWXG\GRFXPHQWHGLQ&KDSWHUGHPRQVWUDWHGWKDWWKH
PRYHIURPQRYLFHWRZDUGVH[SHUWGUDZHULVFKDUDFWHULVHGE\WHPSRUDOV\QFKURQLVDWLRQRI WKH
H\HDQGKDQGZLWKPRUHSDXVHVPRUHOLQHVHJPHQWVDQGPRUHWLPHVSHQWGUDZLQJ7KHVH
ÀQGLQJVDQGVXEVHTXHQWSUDFWLFHOHGWRDQDUJXPHQWIRUWKHUHSRVLWLRQLQJRI REVHUYDWLRQDO
GUDZLQJZLWKLQDUWSUDFWLFHLQZLGHUHGXFDWLRQVHWWLQJVLQUHVHDUFKDQGZLWKLQFRQWHPSRUDU\
HQDFWLYHWKHRULHVRI SHUFHSWLRQ
7.2 Contribution
7KHWKHVLVFRQWULEXWHVE\DSSO\LQJQHZÀQGLQJVIURPFRJQLWLYHVFLHQFHRI GUDZLQJWR
REVHUYDWLRQDOGUDZLQJSUDFWLFHDQGSHGDJRJ\ZLWKLQDQHQDFWLYHIUDPHZRUN
7KHNH\ÀQGLQJVRI WKHWKHVLVDUH
7KDWWKHH\HDQGKDQGFRQYHUVHLQDGHHSDQGGHWDLOHGH[WUDRUGLQDU\ZD\WRDOORZ
REVHUYDWLRQDOGUDZLQJ
7KDWREVHUYDWLRQDOGUDZLQJFDQEHWDXJKWYLDPRYHPHQWVRI H\HDQGKDQGUDWKHUWKDQE\
WHDFKLQJFRJQLWLYHVWUDWHJLHV
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7KDWREVHUYDWLRQDOGUDZLQJFDQEHGHÀQHGDVDPRGHRI SHUFHSWLRQUDWKHUWKDQGHSLFWLRQ
7KDWREVHUYDWLRQDOGUDZLQJFDQEHHPSOR\HGDVDUHVHDUFKWRROZLWKJUHDWSRWHQWLDOIRU
GLVFRYHU\DQGNQRZOHGJHSURGXFWLRQDERXWWKHYLVLEOHZRUOGUHODWLRQVKLSVWKRXJKW
SHUFHSWLRQDQGDFWLRQ
7KHFHQWUDOFRQWULEXWLRQLVWKHH[SORUDWLYHGUDZLQJPHWKRGXQGHUSLQQHGE\WKHSURSRVLWLRQ
WKDWGUDZLQJFDQEHXVHIXOO\IUDPHGDVDZD\RI SHUFHLYLQJWKLQJVDPXOWLVHQVRU\DSSURDFKWR
REVHUYDWLRQDQGWKDWWKLVZD\RI HQJDJLQJDQGSUDFWLVLQJFDQFKDQJHKRZZHH[SHULHQFHOLIH
6XPPDU\RI ÀQGLQJV
5HFHQWVFLHQWLÀFÀQGLQJVIURPWKH'UDZLQJDQG&RJQLWLRQ3URMHFWZHUHIUDPHGLQWRD
ZRUNLQJPRGHORI H[SHUWGUDZLQJEHKDYLRXUIRUDSSOLFDWLRQLQGUDZLQJSUDFWLFHDQGWHDFKLQJ
DQGZHUHXVHGLQWKHVXEVHTXHQWUHÁHFWLYHVWXG\,Q&KDSWHUZHIRXQGIURPWKH%HWW\
(GZDUGVFDVHVWXGLHVWKDWH[SHULHQFHOHGWRPRUHFRPSOH[H\HKDQGLQWHUDFWLRQVDVVKRZQ
E\WKHJUDSKLFVIURPYLGHRWLPHOLQHVDQGVXSSRUWHGWKHZRUNLQJSURÀOHRI H[SHUWGUDZHUV
PRUHVHJPHQWDWLRQWDNLQJORQJHUWLPHSDXVLQJPRUHDQGIRUORQJHU7KHUHVXOWVLQGLFDWHWKDW
VLJQLÀFDQWFKDQJHVRFFXUUHGLQDOOWKHSDUWLFLSDQWVDIWHURQO\GD\VRI WUDLQLQJDQGSUDFWLFH
VXJJHVWLQJWKDWÀYHGD\VRI GUDZLQJSUDFWLFHDQGWUDLQLQJKDGDQLPSDFWRQEHKDYLRXUDQG
KHQFHRQPHDQVRI SHUFHSWLRQ&KDQJHVRFFXUUHGLQWLPHVVSHQWGUDZLQJDQGSDXVLQJWKH
QXPEHURI GZHOOVRQWKHSDSHUDQGRULJLQDOWKHQXPEHURI OLQHVHJPHQWVGUDZQGUDZLQJ
VSHHGVVORZHUDQGLQDFFXUDF\RI FRS\LQJ,PSURYHGDFFXUDF\PLJKWUHO\RQDQ\RUDOORI 
WKHIROORZLQJWDNLQJORQJHUFRQFHQWUDWLQJKDUGHUORRNLQJEHWZHHQWKHRULJLQDODQGWKHSDSHU
PRUHORRNLQJLQDGLIIHUHQWZD\PRUHHIÀFLHQWRUDSSURSULDWHHQFRGLQJDQGWUDQVIHURI 
LQIRUPDWLRQIURPH\HWRKDQGNQRZLQJZKHUHWRORRNDQGZKHQHJFRPSDULQJNH\HOHPHQWV
VXFKDVDQJOHRI WXUQLQJSRLQWVXVLQJSDXVHVWRDVVHVVLPSURYHGYLVXDOGLVFULPLQDWLRQVHH
.R]EHOW	6HHOH\'UDZHUVZKRFDQ¶SHUIRUP·DQDFFXUDWHFRS\DWÀUVWDWWHPSWPD\
XVHDPHWKRGHQWDLOLQJFRQWLQXRXVDVVHVVPHQWPRQLWRULQJIRUHUURUVEHIRUHRUMXVWDVWKH\
RFFXUDOORZLQJIRUFRUUHFWLRQ7KLVFRXOGEHGHÀQHGDVD¶MXVWLQWLPH·VWUDWHJ\DNLQWRWKRVH
XVHGIRUH[HFXWLRQRI VNLOOVVXFKDVGULYLQJSOD\LQJFULFNHWDQGSOD\LQJSLDQRDVUHIHUUHGWRLQ
&KDSWHUVHFWLRQ7KLVDYHQXHLVZRUWKH[SORULQJIXUWKHULQUHFRJQLWLRQRI WKHUDQJHRI 
SRVVLEOHDSSURDFKHVWRGUDZLQJ
,QDGGLWLRQWKHUHZDVHYLGHQFHLQFDVHVWXG\$RI WKHGHYHORSPHQWRI DGLVWLQFWLYHVHTXHQFH
RI EHKDYLRXUWLPLQJSKDVHVRI GUDZLQJDQGSDXVLQJZLWKJD]HVEHWZHHQWKHRULJLQDODQG
SDSHU7KLVLQIRUPHGWKHGHYHORSPHQWRI DWHDFKLQJPHWKRGEDVHGRQWUDLQLQJVWXGHQWV
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WRPRYHLQWKLVZD\VXSSRUWHGE\YHUEDOH[SODQDWLRQVDERXWYLVXRPRWRUSURFHVVHVDQG
LQIRUPDWLRQDERXWZKDWH[SHUWVGRGLIIHUHQWO\LQRUGHUWRGUDZDFFXUDWHO\7KHGHYHORSPHQW
RI ORQJHUSDXVHVEHJVTXHVWLRQVDERXWFRJQLWLYHDFWLYLW\WDNLQJSODFHGXULQJSDXVHVDQGWKH
LQWHUDFWLRQEHWZHHQGUDZLQJSDXVLQJSODQQLQJH[HFXWLQJDQGDVVHVVLQJZRUNDOORI ZKLFK
ZHUHH[SORUHGODWHULQWKHSURMHFWWKURXJKGUDZLQJSUDFWLFHDQGWKHGHYHORSPHQWRI GUDZLQJ
LQVWUXFWLRQV
7FKDOHQNRDQG0LDOOV·K\SRWKHVLVDERXWPRWRUSODQQLQJDQGHQFRGLQJJDYHDGLUHFWLRQWRWKH
SUDFWLFDOHQTXLU\ZLWKWKHNH\TXHVWLRQEHLQJ¶WRZKDWH[WHQWFDQEOLQGGUDZLQJEHXVHG"·
2EVHUYLQJKRZVWXGHQWVWUDQVIHUUHGWKHLUJD]HEHWZHHQRULJLQDODQGSDSHUOHGWRWKHTXHVWLRQ
RI KRZLI WKHKDQGLVJXLGHGE\DPRWRUSODQWKHH\HVXSSRUWVWKHH[HFXWLRQRI WKDWSODQ
7KHDQVZHUWKDWHPHUJHGZDVWKDWWKHH\HKHOSVWKHKDQGWRSRVLWLRQLWVHOI FRUUHFWO\IRUWKH
VWDUWDQGHQGRI HDFKOLQHDQGIRUDQJOHVEHWZHHQOLQHV7KLVZDVXVHGIRUGHYHORSPHQWRI D
GUDZLQJLQVWUXFWLRQPHWKRG
7KHHPHUJLQJLGHDZDVWKDWDFFXUDWHGUDZLQJGHSHQGVRQFRRUGLQDWLRQRI VHYHUDOWHPSRUDO
DVSHFWVSDUWLFXODUO\NQRZOHGJHRI ZKHQLWLVQHFHVVDU\WRORRNDWWKHSDSHU$QDO\VLVRI GDWD
VXJJHVWHGWKDWDOOSDUWLFLSDQWVLPSURYHGLQDFFXUDF\RI SRVLWLRQLQJRI WKHOLQHRQWKHSDJHLQ
GHWHUPLQLQJWKHOHQJWKRI WKHOLQHDQGLQWKHFKDUDFWHURI WKHOLQHEXWLWZDVQRW
SRVVLEOHWRDQDO\VHWKHDFFXUDF\RI VHJPHQWV7KHUHZHUHYDULRXVW\SHVRI HUURUVLQDFFXUDFLHV
PDGHE\WKHSDUWLFLSDQWV'XULQJWKHDQDO\VLVLWEHFDPHFOHDUWKDWDQHUURUPD\VWHPIURPDQ
DWWHPSWWRFRUUHFWDSUHYLRXVHUURU7KLVPHDQWWKDWFDXWLRQZDVQHFHVVDU\LQSRVLWLQJFDXVHV
RI HUURUVDQGDOVRLQLVRODWLQJVLPSOHVHJPHQWVRI OLQHVIRUFRPSDULVRQ%HFDXVHSDUWLFLSDQWV
ZHUHGUDZLQJZLWKIHOWSHQVWKH\GLGQRWKDYHWKHRSSRUWXQLW\WRFRUUHFWHUURUVZLWKDQHUDVHU
DQGVRPHWLPHVFKRVHWRFRUUHFWZLWKDFRPSHQVDWRU\OLQH
,WPD\EHWKDWWKHVLQJOHIDFWRURI GUDZLQJPRUHVORZO\LPSURYHVDFFXUDF\DQGRUWKDW
SDXVLQJIRUORQJHUDQGPRUHRIWHQSOD\VDUROH7KHUHPD\EHVHYHUDOGLIIHUHQWZD\VWRDFKLHYH
DFFXUDF\&RKHQDQG%HQQHWW·VDWWHPSWWRLVRODWHIDFWRUVDIIHFWLQJDFFXUDF\LVUHOHYDQW
KHUH7KH\GHÀQHGWKHHOHPHQWVRI GUDZLQJLQWRPRWRUFRRUGLQDWLRQWKHGHFLVLRQPDNLQJ
SURFHVVPLVSHUFHSWLRQRI KLVRUKHUZRUNPLVSHUFHSWLRQRI WKHVXEMHFWWKLQJWREHGUDZQ
$VDUJXHGLQ&KDSWHUWKHLUFRQFOXVLRQWKDWPLVSHUFHSWLRQRI WKHWKLQJWREHGUDZQLV
WKHVROHFDXVHRI LQDFFXUDF\LVQRWFRQYLQFLQJEHFDXVHRI WKHLULQGXFWLYHPHWKRGDQGWKH
TXHVWLRQRI ZKHWKHUHOHPHQWVLI LQGHHGDSSURSULDWHO\FDWHJRULVHGFDQEHLVRODWHGLQWKLVZD\
+RZDWWHQWLRQSODQQLQJSURFHGXUDONQRZOHGJHDQGSDWWHUQVRI H\HDQGKDQGPRYHPHQW
IXQFWLRQZLWKLQDQ\RI WKHVHFRQGLWLRQVLVQRWVSHFLÀHGDQGLWPD\EHWKDWDQRWKHUIDFWRU
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HQWLUHO\RUDFRPELQDWLRQRI IDFWRUVLVWKHFDXVHRI LQDFFXUDF\$VLPSOHUFRS\LQJWDVNLQ
FRQMXQFWLRQZLWKDFFXUDF\PHDVXUHVZRXOGSHUKDSVUHYHDOPRUHDERXWKRZSHRSOHOHDUQWR
FRS\
&KDSWHUGHYHORSHGDQHQDFWLYHWKHRU\RI REVHUYDWLRQDOGUDZLQJZKLFKSURYLGHGD
IUDPHZRUNIRUWKHGHYHORSPHQWRI DQHQDFWLYHGUDZLQJPHWKRG7KHWKHRU\SURSRVHGWKDWWKH
KDQGDQGH\HERWKFRQWULEXWHWRWKHSHUFHSWXDOWDVNDQGQHHGWROHDUQWRFRPPXQLFDWHDQG
V\QFKURQLVHPRYHPHQWIRUDFFXUDWHREVHUYDWLRQDOGUDZLQJWREHSRVVLEOH
&KDSWHUIRXQGWKDWREVHUYDWLRQDOGUDZLQJFDQSURFHHGDQGEHWDXJKWE\DWWHQGLQJWR
PRYHPHQWVRI H\HDQGKDQGDQGE\XVLQJDOLQHIROORZLQJPHWKRG7KLVZDVVKRZQWREH
DNLQWR,QJROG·VZD\IDULQJDSSURDFKWROLIHDQGUHVHDUFK
,WSURYHGHIIHFWLYHWRWXUQWKHSHUFHSWLRQWRDFWLRQSDUDGLJPRQLWVKHDG5DWKHUWKDQWHDFKLQJ
FRJQLWLYHVWUDWHJLHVWKHPHWKRGGHYHORSHGDVNVVWXGHQWVWRDWWHQGWRPRWRUPRYHPHQWDQGLWV
UROHIRUSHUFHSWLRQ7KHPHWKRGLVJXLGHGE\WKHEHOLHI WKDWH\HDQGKDQGERWKQHHGWROHDUQ
QHZZD\VRI PRYLQJDQGLQWHUDFWLQJIRUGUDZLQJOHDGLQJWRWKHLGHDWKDWWKHH\HDQGKDQG
OHDUQIURPRQHDQRWKHUDQGOHDUQWRFRPPXQLFDWHOLNHLQVWUXPHQWVLQDQRUFKHVWUD
7KHGUDZLQJPHWKRGGHDOVZLWKFRQFHSWXDOELDVLQDQHZZD\XVLQJPRYHPHQWDQG
FRRUGLQDWLRQWRDWWHQGWRGHWDLOVEXLOGLQJXSWKHZKROHDQGXVLQJWKHKDQGWRGLVSHODQ\
PLVSHUFHSWLRQVWKHH\HPD\KDYH
2EVHUYDWLRQDOGUDZLQJZDVLGHQWLÀHGDVDUHÁHFWLYHUHVHDUFKSUDFWLFHRI SDUWLFXODUXVHLQWKH
VWXG\RI SHUFHSWLRQDQGYLVLRQDQGWKHFRPSOH[UHODWLRQVKLSEHWZHHQSHUFHSWLRQDQGDFWLRQ
$V)RFLOORQSXWLWWKHKDQGFRQVWUXFWVYLVLRQJLYHVERG\WRYLVLRQDQG¶HQODUJHVLWV
SHUVSHFWLYHV·)RFLOORQSDQGDV,QJROGZULWHVRI GUDZLQJLWFUHDWHVUDWKHU
WKDQUHSOLFDWHV
:,WKUHJDUGWREOLQGGUDZLQJLWLVIDVFLQDWLQJWRWKLQNWKDWWKHGUDZHUGLVFHUQVRUDUJXDEO\
FUHDWHVRULPDJLQHVDOLQHDQGGRHVQ·WOHWJRRI LWXQWLOVKHKDVGUDZQLW&KDSWHURXWOLQHV
KRZP\UHÁHFWLYHSUDFWLFHDQGWKHSUDFWLFDODSSOLFDWLRQRI 7FKDOHQNRDQG0LDOO·VÀQGLQJV
OHGWRDVLPLODUFRQFOXVLRQDERXWEOLQGGUDZLQJDVDQHIIHFWLYHVWUDWHJ\7KLVVWHPPHGIURP
UHDVRQLQJWKDWLI RQHRQO\QHHGVWRORRNDWWKHSDSHUWRDQFKRUWKHOLQHVHJPHQWVRQWKHSDSHU
DQGLQUHODWLRQWRWKHGUDZLQJWKHQWKHSDUWLFLSDQWKDVWKHRSSRUWXQLW\WRNHHSKHUH\HRQWKH
REMHFWPRUHZKLFKZLOOSRWHQWLDOO\KHOSZLWKDGLUHFWYLVXRPRWRUHQFRGLQJ
&KDSWHUSXUVXHGWKLVLGHDEDVLQJGUDZLQJLQVWUXFWLRQVRQFRRUGLQDWLRQRI PRYHPHQWV
DQGH[SODQDWLRQVWRVWXGHQWVRI WKH¶QHZVFLHQFHRI GUDZLQJ·HVSHFLDOO\WKHLQIRUPDWLRQ
WKDWQRYLFHVDQGH[SHUWVDOLNHFDQGUDZVHJPHQWVRI OLQHDFFXUDWHO\ZLWKRXWORRNLQJDWWKHLU
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GUDZLQJDQGWKHSDSHU&KDSWHUGHYHORSHGDWKHRUHWLFDOEDVHIRUWKLVQHZGUDZLQJPHWKRG
FRQVLGHULQJ7FKDOHQNR·VK\SRWKHVHVDERXWEOLQGGUDZLQJYLVXRPRWRUHQFRGLQJVHJPHQWDWLRQ
DQGWLPLQJRI H\HDQGKDQGPRYHPHQWVZLWKLQWKHIUDPHZRUNRI HQDFWLYHSHUFHSWLRQWKHRU\
DQGGLVFXVVLRQVDERXWLQWHUQDOUHSUHVHQWDWLRQV\VWHPVDQGYLVXDOLPDJHU\
7KHWKHVLVVKRZVWKDWWKHGUDZLQJH\HZRUNVZLWKDQLQWHOOLJHQW¶VHHLQJ·KDQG7KHWKHVLVKDV
DOVRVKRZQWKDWVFLHQWLÀFUHVHDUFKKDVLQWKHODVWFRXSOHRI \HDUVEHJXQWRVXSSRUWWKHYLHZ
RI PDQ\SUDFWLWLRQHUVWKDWGUDZLQJWUDQVIRUPVKRZZHVHHWKLQJV&KDPEHUODLQDQG
/LNRYDIRXQGHYLGHQFHRI VWUXFWXUDOEUDLQFKDQJHVDVVRFLDWHGZLWKGUDZLQJSUDFWLFH
,PSRUWDQWO\GUDZLQJLVEHLQJUHVHDUFKHGQRWMXVWDVDÀQHDUWSUDFWLFHEXWDVDPDQXDODQG
FRRUGLQDWLRQVNLOO²DQDUWDFUDIWDSDWKDQGDWRROIRUWKRXJKW
7.4 Progression
,EHJDQP\UHVHDUFKLQ7KHVWXG\WRRNDQXQH[SHFWHGWXUQDIWHUWKHÀUVWWZR\HDUV
ZKHQ,UHWXUQHGIURPD\HDURII ZLWKLOOQHVVDQGP\VXSHUYLVRU-RKQ7FKDOHQNRUHWLUHG
IURPRXUXQLYHUVLW\,KDGEHJDQZRUNLQJZLWKKLPLQWKH'UDZLQJDQG&RJQLWLRQ3URMHFWDW
&DPEHUZHOOZLWKWKHDLPRI UXQQLQJVFLHQWLÀFWHVWVWRH[SORUHVRPHRI P\LQWXLWLRQVDQG
XQDQVZHUHGTXHVWLRQVDERXWKRZREVHUYDWLRQDOGUDZLQJ¶KDSSHQV·²KRZLWSOD\VRXWDQGKRZ
LWZRUNV,QWKHHYHQWWKHRQO\TXDQWLWDWLYHVWXGLHV,FDUULHGRXWZHUHP\FDVHVWXGLHVRI %HWW\
(GZDUGV·VWXGHQWVLQ6DQWD%DUEDUDDQGDVVLVWLQJ7FKDOHQNRZLWKKLVH\HWUDFNLQJUHVHDUFK,
KDGWKHRSSRUWXQLW\WRDQDO\VHKLVGDWDDQGWRLQWHUYLHZKLVH\HWUDFNLQJSDUWLFLSDQWVZKLFK
KHOSHGPHWRJDLQLQVLJKWLQWRYDULRXVDVSHFWVRI WKHGUDZLQJSURFHVV,QWKRVHHDUO\\HDUV
RI VWXG\7FKDOHQNRFRPPHQWHGVHYHUDOWLPHVWKDWWKHQH[WVWHSZDVIRUVRPHRQHWRSXWKLV
ÀQGLQJVLQWRSUDFWLFH$IWHUREVHUYLQJ(GZDUGV· VWXGHQWVLQ,WRRNWKLVVWHSE\VWDUWLQJ
WKH'UDZLQJ*URZWKSURMHFWDW%URFNZHOO&RPPXQLW\*UHHQKRXVHV7KLVJDYHPHWKHFKDQFH
WRWU\RXWGLIIHUHQWPHWKRGVRI GUDZLQJDQGWHDFKLQJ$WWKHVDPHWLPHDVWU\LQJWRSXW
7FKDOHQNR·VÀQGLQJVLQWRSUDFWLFH,ZDVVHDUFKLQJIRUDQDOWHUQDWLYHWRDOORFHQWULFGUDZLQJ
PHWKRGVWKDWHPSOR\VSDWLDOPHDVXULQJWHFKQLTXHVWKDWVHHPWRGLVWDQFHXVDVGUDZHUVIURP
WKHREMHFWVZHDUHHQJDJHGZLWK,EHJDQWRYLHZREVHUYDWLRQDOGUDZLQJDVDFRQYHUVDWLRQ
EHWZHHQWKHH\HDQGKDQGDVDZD\WRH[SORUHKRZZHFRPPXQLFDWHZLWKRXUVHOYHVGXULQJ
GUDZLQJDQGWRWHDFKLWDFFRUGLQJO\+HQFHWKHLGHDRI FRQYHUVDWLRQEHFDPHDQLPSRUWDQW
PHWDSKRUDQGDSDUDGLJPIRUWHDFKLQJ)UDPHGDVDFRQYHUVDWLRQZLWK\RXUVHOIGUDZLQJ
IXQFWLRQVLQWULDQJOHZLWKVHOI DQGZRUOG
%HIRUH,EHJDQWKHUHVHDUFK,KDGUHDG0HUOHDX3RQW\·VWKRXJKWVRQSHUFHSWLRQDQG
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SKHQRPHQRORJ\DQGFRQWHPSRUDU\LQWHUSUHWDWLRQVRI KLVLGHDVDERXWHPERGLPHQW
DQGHQDFWLRQSDUWLFXODUO\WKHZULWLQJVRI $OYD1Rs'XULQJP\UHVHDUFKWKHZRUNRI 
DQWKURSRORJLVW7LP,QJROGSURYHGDUHYHODWLRQDVKLVKROLVWLFYLHZUHVRQDWHGVWURQJO\ZLWKP\
GHYHORSLQJGUDZLQJWKHRU\HPSKDVLVLQJDQRSHQHQGHGTXHVWLRQLQJDSSURDFKPRUHDNLQWR
ZD\IDULQJWKDQWRURXWHÀQGLQJZLWKDPDS)URPUHDGLQJUHVHDUFKRQQDYLJDWLRQWHFKQLTXHV
,KDGGHYHORSHGP\RZQDUJXPHQWWKDWGUDZLQJFRXOGEHHLWKHUZD\IDULQJRUURXWHÀQGLQJ
VRWRFRPHDFURVV,QJROGZKRKDGWKRXJKWGHHSO\DERXWWKHVDPHFRQFHSWZDVLQVSLULQJDQG
XVHIXO8QOLNHPDQ\ZULWHUVLQWHUHVWHGLQHPERGLPHQWKHZULWHVVSHFLÀFDOO\DERXWGUDZLQJDQG
SDUWLFXODUO\DERXWOLQHVVRKHUHJLVWHUHGDVVRPHRQHGHDOLQJGLUHFWO\ZLWKWKHVDPHLVVXHVDV
,+LVZULWLQJLQIRUPHGWKHODWWHUVWDJHVRI UHVHDUFKDQGWKHZULWLQJXSRI WKHWKHVLV,QJROG
SRLQWVRXWWKDWGUDZLQJWDNHVWLPHDQGWKDWWKHUHLVDJXOI RI GLIIHUHQFHEHWZHHQGUDZLQJD
VWUDLJKWOLQHEHWZHHQWZRSRLQWVDQGIROORZLQJWKHOLQHIUHHKDQG7KLVGLUHFWO\UHODWHVWRWKH
XQDVZHUHGTXHVWLRQRI ZKHWKHUGUDZHUV¶WDUJHWORFN·DQGSXOOWKHSHQFLOWRDQHQGSRLQWWKDW
LVFKRVHQDQGORFNHGRQWRE\WKHH\HRUDVZLWKP\PHWKRGGUDZWKHSHQFLODORQJWKHOLQH
ZLWKRXWDSUHGHFLGHGHQGSRLQW
,QVRRQDIWHUIRUPLQJWKH'UDZLQJ*URZWKSURMHFWZLWK7FKDOHQNRJRQHDQGPLQLPDO
FRQWDFWZLWKVFLHQWLVWVZLWKDFFHVVWRUHVHDUFKSDSHUVUHVWULFWHGE\EHLQJEDVHGLQDQ$UWV
8QLYHUVLW\,EHJDQWDONLQJWRRWKHULQWHUGLVFLSOLLQDU\3K'VWXGHQWVUHVHDUFKLQJGUDZLQJDQG
FRJQLWLRQ7KHZRUNRI $QGUHD.DQWURZLW]7HDFKHUV&ROOHJH&ROXPELD8QLYHUVLW\1<&
DQG0LFKHOOH)DYD/RXJKERURXJK8QLYHUVLW\ZDVSDUWLFXODUO\FRQQHFWHGZLWKPLQHDQG
RXUWUDQVDWODQWLFFRQYHUVDWLRQVOHGWRDV\PSRVLXPLQ1HZ<RUNDW&ROXPELD8QLYHUVLW\DQG
WKHQWRWKHIRUPDWLRQRI WKHLQWHUGLVFLSOLQDU\UHVHDUFKJURXS,QWHUQDWLRQDO'UDZLQJDQG
&RJQLWLRQ5HVHDUFK,'&57KLVPHDQWWKDW,EHJDQWRPDNHZLGHUDQGGLUHFWFRQWDFWZLWK
WKHVFLHQWLVWVWKLQNHUVDQGSUDFWLWLRQHUVZRUNLQJLQP\ÀHOG7KLVZDVDWXUQLQJSRLQWDVLW
HQDEOHGPHWRGLVFXVVLVVXHVZLWKRWKHUOLNHPLQGHGUHVHDUFKHUVDQGWRDFFHVVUHVHDUFKSDSHUV
7RGDWHZHKDYHUXQWKUHHDQQXDO7KLQNLQJWKURXJK'UDZLQJV\PSRVLDWZRLQ1HZ<RUN
KRVWHGE\&ROXPELD8QLYHUVLW\DQGWKH0HWURSROLWDQ0XVHXPRI $UWDQGRQHDW:LPEOHGRQ
&ROOHJHRI $UW/RQGRQ7KXVFRQYHUVDWLRQEHFDPHFHQWUDOWRP\PHWKRGRORJ\ERWKLQWKH
VHQVHRI WKHFRQYHUVDWLRQEHWZHHQWKHH\HDQGKDQGDQGRI GLDORJXHZLWKDZLGHUDQJHRI 
H[SHUWVDQGSUDFWLWLRQHUVLQP\ÀHOGDFURVVGLVFLSOLQHV7KH,'&5JURXSKDVSXEOLVKHGVHYHUDO
SDSHUVLQERRNV
%\WKHHQGRI P\3K'VWXG\,KDYHIRXQGDQHQDFWLYHWKHRU\DVSURSRXQGHGE\,QJROGDQG
1RsWKDWDFFRXQWVERWKIRUP\H[SHULHQFHRI GUDZLQJDQGRI OLYLQJDQGÀWVZLWKFXUUHQW
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VFLHQWLÀFÀQGLQJVDERXWSHUFHSWLRQDQGDFWLRQ,DPYHU\JUDWHIXOWR-RKQ7FKDOHQNRIRU
OHDGLQJPHWRDWWHQGWRWKHKDQGDVZHOODVWKHH\H$WWKHVWDUWRI WKHSURMHFWP\SURSRVDO
ZDVVROHO\DERXWWKHH\HDQGKRZZHORRNDWJDSVEHWZHHQWKLQJVZLWKQRFRQVLGHUDWLRQIRU
WKHUROHWKHKDQGPLJKWSOD\LQWKHSURFHVV+LVDSSURDFK¶RSHQHGP\H\HV·WRWKHFRPSOH[
FRQYHUVDWLRQEHWZHHQH\HDQGKDQG7KDQNVWRKLPWKHHQDFWLYHXQGHUSLQQLQJSURYLGHGE\
,QJROGDQG1Rs*UHJRU\·VDFFRXQWRI WKHOLPLWVDQGSRZHUVRI YLVLRQ,ZDVDEOHWRGHYHORS
DQDOWHUQDWLYHZD\WRGUDZZKLFKFDQQRZEHH[SORUHGE\GUDZLQJVFLHQWLVWVSUDFWLWLRQHUVDQG
WHDFKHUV
5HÁHFWLRQVRQPHWKRGV
7KHVWXG\DVNHGKRZWKHDFWRI REVHUYDWLRQDOGUDZLQJWUDQVIRUPVXVKRZZHFRPHWR
VHHWKLQJVGLIIHUHQWO\7REHJLQWRH[SORUHWKLVTXHVWLRQWKHUHVHDUFKVRXJKWWRFKDUDFWHULVH
GUDZLQJDVFRPSUHKHQVLYHO\DVSRVVLEOHE\UHYLHZLQJFXUUHQWOLWHUDWXUHDQGÀQGLQJVE\
FRQWULEXWLQJQHZÀQGLQJVRQH\HDQGKDQGPRYHPHQWDQGKRZGUDZLQJ¶SOD\VRXW·DQGE\
VHDUFKLQJEHWZHHQWKHOLQHVLQWKHZRUOGDQGRQWKHSDSHU$VSDUWRI WKHHQTXLU\SUDFWLFDO
H[SORUDWLRQRI WHPSRUDODQGVSDWLDODVSHFWVRI REVHUYDWLRQDOOHGWRWKHGHYHORSPHQWRI D
QHZPHWKRGRI GUDZLQJZKLFKZDVFRQVLGHUHGWREHDIRUPRI SHUFHSWLRQDNLQWRYLVLRQEXW
DXJPHQWHGDQGÀQHWXQHGE\WKHKDQG
7KHLQWHUGLVFLSOLQDU\PHWKRGRORJ\WKDWXVHGGUDZLQJWRH[SORUHGUDZLQJFRQQHFWHG
QHZVFLHQWLÀFPRGHOVRI H[SHUWGUDZLQJEHKDYLRXUZLWKHQDFWLYHSHUFHSWLRQWKHRU\DQG
REVHUYDWLRQDOGUDZLQJSUDFWLFHDQGSHGDJRJ\HQDEOLQJDQHZSHUVSHFWLYHRQREVHUYDWLRQDO
GUDZLQJDQGLWVUHODWLRQVKLSWRSHUFHSWLRQ7KHWKHVLVDUXJHVWKDWWKHKDQGSOD\VDOHDGLQJUROH
LQWKHGUDZLQJSURFHVVDQGSURSRVHVDZD\WRWHDFKWKHÀQHWXQLQJRI SHUFHSWLRQDQGDFWLRQ
LQIRUPHGE\WKHVHLGHDV
0\PHWKRGRORJ\H[SORUHGWKHXVHRI GUDZLQJDVDUHVHDUFKWRRODQGWKHXVHRI FRQYHUVDWLRQ
DQGFROODERUDWLRQERWKDVDZD\RI FRPPXQLFDWLQJEHWZHHQH\HDQGKDQGDQGEHWZHHQ
UHVHDUFKHUVDFURVVGLVFLSOLQHV7KLVLQFOXGHGZRUNLQJZLWK7FKDOHQNRLQWKH'UDZLQJDQG
&RJQLWLRQ3URMHFWDQGGLVFXVVLRQVDQGFROODERUDWLYHZULWLQJDQGGUDZLQJZLWK)DYDDQG
.DQWURZLW]P\FRGLUHFWRUVRI ,QWHUQDWLRQDO'UDZLQJDQG&RJQLWLRQ5HVHDUFK
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Interdisciplinary conversations and collaborations
,QLWLDOO\,SODQQHGWRFRQGXFWVFLHQWLÀFH[SHULPHQWVDERXWGUDZLQJWRÀQGRXWZKDWLVEHQHDWK
GUDZLQJ+RZHYHUWKHPHWKRGRORJ\WKDWHPHUJHGZDVRQHRI WUDQVODWLRQDOUHVHDUFKDSSO\LQJ
VFLHQWLÀFÀQGLQJVWRSHGDJRJ\DQGGUDZLQJSUDFWLFH0\DSSURDFKWRLQWHUGLVFLSOLQDU\VWXG\
PRYHGIURPDPHWKRGRORJ\FRPELQLQJVFLHQFHDQGGUDZLQJSUDFWLFHWRWKHYLHZWKDWZRUNLQJ
FROODERUDWLYHO\ZLWKVFLHQWLVWVUDWKHUWKDQWU\LQJWRGRVFLHQFHZDVWKHEHVWZD\IRUZDUG7KH
,'&5JURXSRIIHUHGDIUDPHZRUNIRUWKLVZLWKUHVHDUFKHUVIURPDZLGHUDQJHRI GLVFLSOLQHV
H[SORULQJLGHDVWRJHWKHU7KLVZD\RI ZRUNLQJUHFRJQLVHVWKHYDOXHRI H[SHUWLVHDQGVSHFLDOLVW
VNLOOVIURPGLIIHUHQWGLVFLSOLQHVHPSOR\LQJGLIIHUHQWPHWKRGRORJLFLDODSSURDFKHVDQG
FROODERUDWLRQWKDWDOORZVFRQYHUVDWLRQVWKDWPRGLI\SHUVSHFWLYHV
$WWKHVWDUW,GLGQRWVHHNWRORFDWHWKHUHVHDUFKLQWHUPVRI FRQWHPSRUDU\ÀQHDUWGUDZLQJ
SUDFWLFHH[FHSWLQWKHÀHOGRI REVHUYDWLRQDOGUDZLQJKRZHYHUE\FRPSOHWLRQ,ZDQWHGWR
SUHVHQWDFDVHIRUREVHUYDWLRQDOGUDZLQJDVDQHPERGLHGSUDFWLFHZLWKPRUHLQFRPPRQZLWK
JHVWXUDODQGSHUIRUPDWLYHSUDFWLFHVWKDQSUHYLRXVO\DFNQRZOHGJHG7KLVYLHZEHFDPHSRVVLEOH
WKDQNVWRUHFHQWÀQGLQJVLQFRJQLWLYHVFLHQFHDERXWPRYHPHQWVRI GUDZLQJDQGSHUFHSWXDO
SURFHVVHV
6WXG\RI H[SHUWGUDZHUVDQGORQJLWXGLQDOVWXG\RI GUDZLQJVWXGHQWVZLOOVLJQLÀFDQWO\
FRQWULEXWHWRWKHUHVHDUFKGRPDLQRI EUDLQSODVWLFLW\DQGOHDUQLQJDQGWKURXJKRXU
LQWHUGLVFLSOLQDU\FROODERUDWLRQVDQGFRPPXQLFDWLRQWRWKHSUDFWLFDOHGXFDWLRQDODSSOLFDWLRQ
RI QHZNQRZOHGJHDERXWGUDZLQJDQGFRJQLWLRQ,PSRUWDQWO\WKHPHWKRGVDQGWKHVLVKDYH
IRXQGDSODFHLQFRQWHPSRUDU\LQWHUGLVFLSOLQDU\GHEDWHZKHUHGUDZLQJREVHUYDWLRQDODQG
RWKHULVXQGHUSUHVVXUHWRORFDWHLWVHOI LQUHODWLRQWRQHZWHFKQRORJ\DQGWRWKHUHTXLUHPHQWV
RI DFDGHPLDDQGHGXFDWLRQ1HWZRUNVVXFKDV,QWHUQDWLRQDO'UDZLQJDQG&RJQLWLRQ5HVHDUFK
DQGWKH7KLQNLQJWKURXJK'UDZLQJV\PSRVLXPVHULHVDUHDWWKHIRUHIURQWRI WKLVGHEDWHDERXW
GUDZLQJLQWKHVWFHQWXU\ZLWKSDUWLFXODUIRFXVRQHPERGLHGSUDFWLFHVWRROXVHDQGDQG
KRZWKHVHFKDQJHRXUSHUFHSWLRQVRI RXUZRUOG
Drawing methodology
7KHPHWKRGRORJ\GHYHORSHGLWVRZQPHWDOHYHOVZKHUHLQGUDZLQJZDVXVHGWRWKLQNDERXW
GUDZLQJWRUHÁHFWRQGUDZLQJE\GUDZLQJGUDZLQJDQGWRGUDZWKRXJKWV0DQ\RI WKH
GUDZLQJVPDGHZHUH¶WKLQNLQJRQWKHSDJH·7KHVHGUDZLQJVGRQRWQHFHVVDULO\FRPPXQLFDWH
WRRWKHUVEXWZHUHD¶ÀJXULQJRXW·SURJUHVVDVHOIFRPPXQLFDWLRQ7KHGUDZLQJRIWHQUHYHDOHG
VRPHWKLQJWRPHWKDW,KDGQRWEHHQDZDUHRI RUWKRXJKWRI EHIRUH7KLVZDVSDUWLFXODUO\WKH
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FDVHZKHQ,WULHGWRGUDZWLPHOLQHVDQGPRGHOVRI KRZGUDZLQJSOD\VRXW7KLVH[SHULHQFH
DOVRRFFXUUHGGXULQJREVHUYDWLRQDOGUDZLQJDVDSURFHVVRI ÀJXULQJWKLQJVRXWDERXWWKH
REMHFWDQGRQDPHWDOHYHOOHDUQLQJDERXWGUDZLQJ7KHDIIRUGDQFHRI WKHSDSHUIRUVSDWLDO
WKLQNLQJDQGDVH[WHUQDOPHPRU\VHUYHGWRH[WHQGP\FDSDFLW\IRUWKLQNLQJDQGWKHSRWHQWLDO
IRUGLVFRYHU\,QWKLVZD\P\REVHUYDWLRQDOPHWKRGVDUHPRUHUHOHYDQWWRFRQWHPSRUDU\
UHVHDUFKSUDFWLFHVUDWKHUWKDQGHSLFWLRQJRDOV
7KHÀQGLQJVDQGZULWLQJVRI %DUEDUD7YHUVN\DPHPEHURI ,'&5XQGHUSLQQHGP\XVH
RI GUDZLQJDVDWKLQNLQJWRRODVHYLGHQFHGLQQXPHURXVVNHWFKHVGLDJUDPVDQGPDSV
WKDWVXSSRUWHGP\WKLQNLQJDQGQRZVXSSRUWWKHWKHVLVWH[W0\XVHRI GUDZLQJERWK
REVHUYDWLRQDODQGFRQFHSWXDOGHYHORSHGRYHUWKHSURMHFWIXUWKHUUHYHDOLQJLWVSRWHQWLDOIRU
GLVFRYHU\DQGFRPPXQLFDWLRQ2I SDUWLFXODUYDOXHZDVWKHGHYHORSPHQWRI DVHPLOLQHDUIRUP
RI DQQRWDWHGGUDZLQJWKDWDYRLGVWKHSLWIDOOVRI UDGLDOPLQGPDSVZLWKDPELJXRXVKLHUDUFK\
DQGRUGHUZKLOVWDOORZLQJPRUHHOERZURRPWKDQFRQYHQWLRQDOWH[WOHWWLQJWKHUHDGHUIROORZ
RQHRURWKHUSDWKZKLOHVWLOOIROORZLQJWKHVDPHRYHUDOOWKUHDG7KLVH[SORUDWLRQRI WKHUROHRI 
GUDZLQJLQWKLQNLQJLWVIXQFWLRQLQFUHDWLYLW\DQGSUREOHPVROYLQJDQGLWVUROHLQYLVXDOOLWHUDF\
DUHDOORI UHOHYDQFHIRUKRZZHFRPPXQLFDWHJOREDOO\DQGIRUWKHFRPSOH[UHTXLUHPHQWVRI 
LPDJHUHDGLQJLQVWFHQWXU\
7KHUHLVPXFKHYLGHQFHWKDWPRYLQJWKHERG\KHOSVXVWRWKLQN7YHUVN\E.LUVK
DQGWKHPHWKRGRORJ\HPSKDVLVHVWKDWREVHUYDWLRQDOGUDZLQJLVDZD\RI PRYLQJ
Quantitative methods
,QDGGLWLRQWRSURYLGLQJGDWDIURPWKHWKUHHFDVHVWXGLHVWKHUHVHDUFKUHSUHVHQWVDÀUVWVWHS
LQGHYHORSLQJDSSURSULDWHORQJLWXGLQDOPHWKRGVWRWUDFNEHKDYLRXUDODQGSHUFHSWXDOFKDQJHV
UHODWHGWRREVHUYDWLRQDOGUDZLQJSUDFWLFH7KHVWXG\EHJDQWRGHYHORSPHWKRGRORJLHVIRU
ZLWKLQSDUWLFLSDQWVWXGLHVGHVLJQHGWRPHDVXUHDFFXUDF\DQGIRUWUDQVODWLRQDOUHVHDUFKWKDW
FRQWULEXWHVNQRZOHGJHIRUSHUFHSWLRQDQGGUDZLQJUHVHDUFKDQGLQWHUGLVFLSOLQDU\VWXG\
'UDZLQJLVEHFRPLQJUHFRJQLVHGDVDSRZHUIXOFRJQLWLYHDQGSHUFHSWXDOWRRODFURVVGLVFLSOLQHV
LQHGXFDWLRQEXVLQHVVDQGVRFLDODQGKHDOWKFDUH7KHQH[WVWHSEH\RQGWKLVSURMHFWLVWRGHOYH
GHHSHULQWRWKHUHODWLRQVKLSEHWZHHQWKHH\HDQGKDQGWRERWKLQIRUPSHUFHSWLRQWKHRU\
DQGWRXQGHUSLQDUJXPHQWVIRUWKHXVHIXOQHVVRI GUDZLQJSUDFWLFHV,WVHHPVZRUWKZKLOHWR
FRQWLQXHWKHH[SORUDWLRQRI OLQHGUDZLQJDQGRI WKHUHODWLRQVKLSEHWZHHQWKHH\HDQGWKH
KDQGSHUKDSVWRGLVFRYHUDPRQJPDQ\WKLQJVZKHWKHUDZHKDYHSHQFLOVLQRXUEUDLQVE
%ULGJHW5LOH\KDVDQH\HDWWKHHQGRI KHUSHQFLODQGF5XVNLQZDVULJKWWRFODLPWKDWGUDZLQJ
FDQOHDGWRXQGHUVWDQGLQJRI RWKHUREVHUYDWLRQDOGUDZHUVVXFKDV/HRQDUGRRU7LWLDQ5XVNLQ
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VWDWHGWKDWZDWHUFRORXULVWV¶PXVWIRUHYHUUHPDLQEOLQGWRWKHUHÀQHPHQWVRI VXFKPHQ·V
SHQFLOOLQJDQGWKHSUHFLVLRQRI WKHLUWKLQNLQJ·/DZUHQFH&DPSEHOOLQ 5XVNLQS
YLL
7KHXVHRI IUDPHE\IUDPHDQDO\VLVRI YLGHRIRRWDJHFRPELQHGZLWKGHYHORSPHQWRI 
VRIWZDUHWRPHDVXUHDFFXUDF\RI OLQHGUDZLQJVSURYHGDXVHIXODSSURDFKIRUHOXFLGDWLQJWKH
SK\VLFDOSURFHVVRI GUDZLQJHVSHFLDOO\WKHLQWHUDFWLRQRI KDQGDQGH\H7HVWLQJRI VFLHQWLÀF
ÀQGLQJVLQGUDZLQJVWXGLRVDQGWKHÀHOGOHGWRQHZTXHVWLRQVDQGWKHGHVLJQRI DQHZ
FRJQLWLYHO\LQIRUPHGGUDZLQJLQVWUXFWLRQDVZHOODVDPRGHOIRUIXUWKHUVFLHQWLÀFVWXG\
7.6 The future 
Target locking versus line following
(QWDLOHGLQP\PHWKRGLVDSURSRVLWLRQDERXWKRZWKHH\HPRYHVGXULQJGUDZLQJVXJJHVWLQJ
WKDWOLQHIROORZLQJPD\EHDYLDEOHVWUDWHJ\DVRSSRVHGWRWDUJHWORFNLQJ7FKDOHQNRIRXQG
WKDWH[SHUWVWHQGHGWRHPSOR\WDUJHWORFNLQJVHOHFWLQJE\H\HDQHQGSRLQWIRUDOLQHVHJPHQW
EHIRUHGUDZLQJORFNLQJWKHH\HRQWRWKDWSRLQWRQWKHSDSHUDQGGUDZLQJWKHOLQHWRWKLV
SRLQW0\PHWKRGXVHVDQDOWHUQDWLYHDSSURDFKZLWKWKHH\HDQGWKHKDQGERWKWUDFNLQJWKH
OLQHLQWLPH7KLVTXHVWLRQDERXWWKHPLFURPRYHPHQWVRI REVHUYDWLRQDOGUDZLQJUHPDLQV
XQDQVZHUHG7RP\NQRZOHGJHWKHUHKDVEHHQQRLQYHVWLJDWLRQRI WKLVDQGWKHUHLVOLWWOH
HYLGHQFHRI SUDFWLWLRQHUVXVLQJP\H[SORUDWLYHOLQHIROORZLQJZD\IDULQJPHWKRG,KRSHWKDW
P\PHWKRGZLOOUHFHLYHDWWHQWLRQIURPERWKSHGDJRJ\DQGVFLHQFHDQGIXWXUHH\HWUDFNLQJDQG
YLGHRREVHUYDWLRQZLOOUHYHDOPRUHDERXWVORZH\HPRYHPHQWV7KHVWXG\LQWKHSLSHOLQHZLWK
SV\FKRORJLVWVIURP,'&5WRFRQGXFWORQJLWXGLQDOUHVHDUFKRI WKHHIIHFWVRI GUDZLQJSUDFWLFH
RQSHUFHSWLRQZLOOKRSHIXOO\IXUWKHUGHYHORSP\UHVHDUFKPHWKRGVDQGWHVWP\GUDZLQJ
PHWKRG
Seeing things differently
,ZDQWHGWRÀQGRXWZKDWPLJKWXQGHUSLQDQH[SHULHQFHRI ¶VHHLQJWKLQJVGLIIHUHQWO\·,DP
DFXWHO\DZDUHRI ZKDW,KDYHQRWVWXGLHGDQGQRWIRXQGRXWKRZWKHSHQFLODVDWRROPD\
DIIHFWSHUFHSWLRQIRUH[DPSOHLWVVKDUSSRLQWZKDWKDSSHQVZKHQZHGUDZPRYLQJWKLQJV
DQGWKHPDQ\XVHVRI WKLVZD\RI GUDZLQJWRUHFRUGDQGWUDFNPRYHPHQWVZKDWLVJRLQJRQ
LQWKHEUDLQZKLOHZHGUDZDQGKRZWKHEUDLQPD\FKDQJHVWUXFWXUDOO\DVDUHVXOWRI GUDZLQJ
SUDFWLFH
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$OWKRXJK3HUGUHDX	&DYDQDJK IRXQGQRHYLGHQFHRI ZKDWKDVEHFRPHFDOOHG
SHUFHSWXDODGYDQWDJHVHH.R]EHOWDQG6HHOH\ZHVWLOOKDYHQXPHURXVDFFRXQWVRI 
GUDZLQJSUDFWLWLRQHUVVD\LQJWKDWWKHZRUOGORRNVGLIIHUHQWWRWKHPDVDUHVXOWRI GUDZLQJ
SUDFWLFH3HUGUHDXDQG&DYDQDJK·VVDPSOHJURXSZDVRI DUWLVWVQRWVSHFLÀFDOO\GUDZLQJ
SUDFWLWLRQHUVDQGSDUWLFLSDQWVVHOIGHÀQHGWKHLUOHYHORI H[SHULHQFHRI REVHUYDWLRQDOGUDZLQJ
)URPWKHYLHZWKDWGUDZLQJLVDSHUFHSWXDOSURFHVVLQYROYLQJWKHKDQGLVLWQRWVXUSULVLQJ
WKDWZKHQ\RXUHPRYHWKHKDQGIURPWKHSURFHVVWKHGUDZHUPD\UHYHUWWRDPRUHHYHU\GD\
IRUPRI YLVXDOSHUFHSWLRQXVLQJWKHH\HDORQH2QHRI WKHSRLQWVDQGSRZHUVRI GUDZLQJLV
WKDWLWLVDQDOWHUQDWLYHDSSURDFKWKDWDOORZVXVWR¶VHHPRUH·7KLVGRHVQRWPHDQWKDWZKHQ
ZHDUHQRWGUDZLQJZHVHHLQVRPHVRUWRI GUDZLQJPRGH$OWKRXJKP\SHUVRQDOH[SHULHQFH
DQGWKDWRI P\VWXGHQW.WHVWLI\WRWKHSUHVHQFHRI DPRGHRI SHUFHSWLRQFKDUDFWHULVWLF
RI GUDZLQJWKDWFDQSHUPHDWHLQWRWKHUHVWRI HYHU\GD\OLIH0\DQHFGRWDOH[SHULHQFHRI 
SHUFHLYLQJDKXPDQIDFHDVDOLQHGUDZLQJUDWKHUWKDQDVDQLQWHOOLJLEOHVSHDNLQJSHUVRQ
GHPRQVWUDWHGWKLVHIIHFW,WUHPDLQVWREHVHHQZKHWKHUDQ\HPSLULFDOHYLGHQFHIRUWKLV
H[LVWVRUZLOOEHIRXQG&KDPEHUODLQ·VUHFHQWÀQGLQJVDUHWRP\NQRZOHGJHWKHÀUVWVHWRI 
UHVXOWVWRVXJJHVWWKDWDOWHUHGEUDLQVWUXFWXUHFRUUHODWHVZLWKGUDZLQJH[SHULHQFH$OVR
&KDPEHUODLQPDGHWKHLPSRUWDQWGLVWLQFWLRQEHWZHHQGUDZLQJSUDFWLWLRQHUVDQGDUWLVWVLQ
KHUH[SHULPHQWDOWHVWV6KHGLVWLQJXLVKHGEHWZHHQDUWLVWLFDQGGUDZLQJDELOLW\WR¶GHWHUPLQH
ZKHWKHUGUDZLQJRUDUWLVWLFDELOLW\LQJHQHUDOLQGXFHVDKHLJKWHQHGSHUFHSWLRQ·&KDPEHUODLQ
S7KLVOHGWRLQWHUHVWLQJUHVXOWVHVSHFLDOO\KHUÀQGLQJWKDWGUDZHUVFRPSDUHGWR
QRQGUDZHUVKDYHHQKDQFHGORFDOSHUFHSWXDOSURFHVVLQJLHSHUFHSWLRQRI GHWDLOZKLOHDUWLVWV
FRPSDUHGWRQRQDUWLVWVGRQRW&KDPEHUODLQS7KLVLVFHUWDLQO\DQDUHDWKDWQHHGV
IXUWKHUDWWHQWLRQLQRUGHUWRORRNDWZKDWLVSDUWLFXODUDERXWREVHUYDWLRQDOGUDZLQJDVGLVWLQFW
IURPRWKHUÀQHDUWSUDFWLFHV5DWKHUWKDQVWXG\LQJDUWLVWVDQGDUWVWXGHQWVJHQHUDOO\LWZRXOG
EHZRUWKVWXG\LQJSURIHVVLRQDOREVHUYDWLRQDOGUDZLQJSUDFWLRQHUVVXFKDVFRXUWDUWLVWVRU
VWUHHWSRUWUDLWDUWLVWVDQGRWKHUVZKRKDYHFRQVLVWHQWQXPEHUVRI KRXUVSHUGD\ZHHNDQG
\HDUWKDWDUHVSHQWGUDZLQJIURPREVHUYDWLRQ
7KHUHLVDFDVHWREHPDGHIRUWHVWLQJKRZSHUFHSWLRQLVDIIHFWHGGXULQJWKHDFWLRQRI 
GUDZLQJFRPSDUHGWRWHVWLQJSHUFHSWLRQXVLQJWKHH\HDORQHZKLOHQRWGUDZLQJ3HUGHDXDQG
&DYDQDJK·VUDWLRQDOHZDVWKDWGUDZLQJH[HFXWLRQVKRXOGEHH[FOXGHGIURPSHUFHSWLRQ
WHVWVEXW,VXJJHVWWKDWLWVKRXOGEHLQFOXGHGWRH[SORUHSRVVLEOHGLIIHUHQFHVEHWZHHQLQWHQVH
ORRNLQJDQGORRNLQJZLWKGUDZLQJ7KLVPD\UHYHDOWKDWGUDZHUVKDYHSHUFHSWXDO¶DGYDQWDJH·
ZKLOHWKH\DUHGUDZLQJEXWWKDWWKLVGRHVQRWQHFHVVDULO\WUDQVODWHLQWRYLVXDOSHUFHSWXDOVNLOOV
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ZKLOHQRWXVLQJWKHKDQG
7KHSRVLWLRQRI GUDZLQJLQWKHVWFHQWXU\LVRI LQWHQVHLQWHUHVWDQGLPSRUWDQFHDFURVV
GLVFLSOLQHV5HVHDUFKHUVDUHEHJLQQLQJWRDSSUHFLDWHLWVUROHLQWKRXJKWDQGSUREOHPVROYLQJ
9LVXDOFRPPXQLFDWLRQDQGPHWKRGRORJLHVDUHXVHGLQFUHDVLQJO\ZLWKWKHJURZWKRI 
LQWHUQDWLRQDORQOLQHSODWIRUPVDQGDGHYHORSLQJDSSUHFLDWLRQRI FUHDWLYHQRQYHUEDODQG
ODWHUDOZD\VRI WKLQNLQJ,WLVYLWDOQRZWRUHDVVHVVDQGORFDWHREVHUYDWLRQDOGUDZLQJLQÀQHDUW
SUDFWLFHVHGXFDWLRQDFURVVGLVFLSOLQHVDFDGHPLFUHVHDUFKSUDFWLFHVDQGLQSHUFHSWLRQUHVHDUFK
'UDZLQJWKHRU\WKDWLVXQGHUSLQQHGE\FRQWHPSRUDU\FRJQLWLYHVFLHQFHDQGHPERGLPHQW
WKHRU\KDVSRWHQWLDOWRH[SDQGKRZZHXVHGUDZLQJDVZHOODVKRZZHXQGHUVWDQGLW7KH
GHHSHQLQJFKDUDFWHUL]DWLRQRI PRWRUDQGFRJQLWLYHSURFHVVHVLQREVHUYDWLRQDOGUDZLQJZLOO
FRQWULEXWHWRWKHDUJXPHQWIRUWKHXVHRI GUDZLQJLQHGXFDWLRQDQGUHVHDUFKDFURVVGLVFLSOLQHV
DQGSURIHVVLRQV
)LQDOO\ZHKDYHOHDUQWIURPWKHTXDQWLWDWLYHDQGSUDFWLFHEDVHGUHÁHFWLYHVWXG\RI PRYHPHQWV
RI H\HDQGKDQGWKDWREVHUYDWLRQDOGUDZLQJSUDFWLFHFDQWUDQVIRUPXVGUDZLQJFDQWHDFKXV
KRZWRGUDZQHZZD\VWRSHUFHLYHWRREVHUYHDQGWROLYHWKHOLQH7KHWKHVLVGHPRQVWUDWHV
WKDWREVHUYDWLRQDOGUDZLQJLVDSHUFHSWXDOSURFHVVUHTXLULQJÀQHWXQLQJRI WKHH\HDQGKDQG
WKDWQHZZD\VRI WHDFKLQJGUDZLQJFDQEHGHYHORSHGRQWKHEDVLVRI QHZÀQGLQJVIURP
FRJQLWLYHVFLHQFHDQGHQDFWLYHSKLORVRSK\DQGWKDWFRQQHFWLQJWKHRU\IURPVFLHQFHDQG
SHGDJRJ\FDQGHHSHQRXUFKDUDFWHULVDWLRQDQGXQGHUVWDQGLQJRI REVHUYDWLRQDOGUDZLQJ
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Appendix 4(a)
Accuracy measures of participants’ drawn lines from day 0 and day 5 compared to the original
File Start Supragla-
bella
Nasion Nasal tip Naso-
philtral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin de-
pression
Chin apex Chin JOnFDUJPO
(jawline)
Cervical 
point
End Path 
length in 
pixels
In mms
ORIGINAL 
LINE
0 0.174328 0.219104 0.421493 0.469254 0.496716 0.528955 0.58806 0.653731 0.695522 0.797015 0.846567 0.896119 1 837.5 435.5
A day0 0 0.092593 0.165165 0.290791 0.352352 0.389389 0.427427 0.540541 0.657157 0.731231 0.817317 0.866366 0.913914 1 999 519.48
A day5 0 0.146866 0.192836 0.393433 0.449552 0.468657 0.49194 0.572537 0.660896 0.687761 0.825075 0.859104 0.900299 1 837.5 435.5
K day0 0 0.131671 0.179052 0.343641 - 0.419451 0.446883 0.546135 0.649377 0.704239 0.802993 0.850873 0.899751 1 1002.5 521.3
K day5 0 0.11502 0.147404 0.318816 0.346734 0.380235 0.471803 0.538805 0.605248 0.647125 0.811837 0.860972 0.910664 1 895.5 465.66
N day0 0 0.164726 0.257439 0.493316 - 0.56188 0.585166 0.670548 0.76326 0.783959 0.871496 0.921949 0.952566 1 1159.5 602.94
N day5 0 - 0.283019 0.487587 0.532274 0.556107 0.572493 0.668322 0.76713 0.790963 0.869414 0.90566 0.940914 1 1007 523.64
6HHDSSHQGL[SIRUWKHRULJLQDOOLQHZLWKODQGPDUNSRLQWVDVSHUDFFXUDF\WDEOHVKHUH
$FFXUDF\ZDVPHDVXUHGLQWZRZD\V
6WUDLJKWOLQHGLVWDQFHV7KLVPHDVXUHG[DQG\FRRUGLQDWHVRI SRLQWVRQWKHSDJHDQGFDOFXODWHGGLVWDQFHVEHWZHHQSRLQWVLQVWUDLJKWOLQHV¶
7UDYHUVLQJSDWKGLVWDQFHV7KLVPHDVXUHGOLQHVHFWLRQVE\UHFRUGLQJDFWXDOGLVWDQFHVLQSL[HOVWUDYHOOHGDORQJWKHOLQHEHWZHHQSRLQWVLHDFWXDOOHQJWKVRI OLQH
VHFWLRQVDVGUDZQ
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Appendix 4(b)
Data derived from appendix 4(a) showing proportions of parts in relation to the whole original line
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.174328 0.219104 0.421493 0.469254 0.496716 0.528955 0.58806 0.653731 0.695522 0.797015 0.846567 0.896119 1
Supragla-
bella
0.174328 0 0.044776 0.247164 0.294925 0.322388 0.354627 0.413731 0.479403 0.521194 0.622687 0.672239 0.721791 0.825672
Nasion 0.219104 0.044776 0 0.202388 0.250149 0.277612 0.309851 0.368955 0.434627 0.476418 0.57791 0.627463 0.677015 0.780896
Nasal tip 0.421493 0.247164 0.202388 0 0.047761 0.075224 0.107463 0.166567 0.232239 0.27403 0.375522 0.425075 0.474627 0.578507
Nasophiltral 
junction
0.469254 0.294925 0.250149 0.047761 0 0.027463 0.059701 0.118806 0.184478 0.226269 0.327761 0.377313 0.426866 0.530746
Philtrum 0.496716 0.322388 0.277612 0.075224 0.027463 0 0.032239 0.091343 0.157015 0.198806 0.300299 0.349851 0.399403 0.503284
Top lip 0.528955 0.354627 0.309851 0.107463 0.059701 0.032239 0 0.059104 0.124776 0.166567 0.26806 0.317612 0.367164 0.471045
Oral vertex 0.58806 0.413731 0.368955 0.166567 0.118806 0.091343 0.059104 0 0.065672 0.107463 0.208955 0.258507 0.30806 0.41194
Bottom lip 0.653731 0.479403 0.434627 0.232239 0.184478 0.157015 0.124776 0.065672 0 0.041791 0.143284 0.192836 0.242388 0.346269
Chin depres-
sion
0.695522 0.521194 0.476418 0.27403 0.226269 0.198806 0.166567 0.107463 0.041791 0 0.101493 0.151045 0.200597 0.304478
Chin apex 0.797015 0.622687 0.57791 0.375522 0.327761 0.300299 0.26806 0.208955 0.143284 0.101493 0 0.049552 0.099104 0.202985
$IJOJOnFD-
tion (jawline)
0.846567 0.672239 0.627463 0.425075 0.377313 0.349851 0.317612 0.258507 0.192836 0.151045 0.049552 0 0.049552 0.153433
Cervical 
point
0.896119 0.721791 0.677015 0.474627 0.426866 0.399403 0.367164 0.30806 0.242388 0.200597 0.099104 0.049552 0 0.103881
End 1 0.825672 0.780896 0.578507 0.530746 0.503284 0.471045 0.41194 0.346269 0.304478 0.202985 0.153433 0.103881 0
Appendix 4(c)
‘Original Line’ Straight line distances
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 144.865194 169.934123 332.011321 346.040733 367.361006 391.686695 394.971175 403.710904 437.757566 517.504272 533.520831 547.505156 631.203711
Supragla-
bella
144.865194 0 33.897043 187.18916 203.016191 224.562703 249.30615 258.234714 261.027123 295.232224 373.891346 391.850029 408.753551 491.725899
Nasion 169.934123 33.897043 0 164.867444 176.199922 197.456468 221.753161 227.315797 233.782385 267.823943 347.714781 363.733393 378.930799 462.318877
Nasal tip 332.011321 187.18916 164.867444 0 37.799328 53.111935 75.695322 110.446897 84.278759 116.631133 189.489415 212.647343 237.096238 315.96299
Nasophiltral 
junction
346.040733 203.016191 176.199922 37.799328 0 21.614256 46.610792 73.269439 58.038418 92.254029 171.517566 189.1259 209.113891 290.505602
Philtrum 367.361006 224.562703 197.456468 53.111935 21.614256 0 25.040729 59.233819 36.46447 70.673213 150.399758 167.512091 187.858781 268.986106
Top lip 391.686695 249.30615 221.753161 75.695322 46.610792 25.040729 0 48.077383 12.454621 46.070884 126.845651 142.601646 162.978369 243.946775
Oral vertex 394.971175 258.234714 227.315797 110.446897 73.269439 59.233819 48.077383 0 52.678795 66.373773 141.756816 144.535129 152.784543 236.673356
Bottom lip 403.710904 261.027123 233.782385 84.278759 58.038418 36.46447 12.454621 52.678795 0 34.215617 114.492343 131.162514 153.022361 233.16093
Chin depres-
sion
437.757566 295.232224 267.823943 116.631133 92.254029 70.673213 46.070884 66.373773 34.215617 0 81.53822 97.035365 120.829353 199.547674
Chin apex 517.504272 373.891346 347.714781 189.489415 171.517566 150.399758 126.845651 141.756816 114.492343 81.53822 0 39.208688 79.791542 135.45424
$IJOJOnFD-
tion (jawline)
533.520831 391.850029 363.733393 212.647343 189.1259 167.512091 142.601646 144.535129 131.162514 97.035365 39.208688 0 40.779373 103.854385
Cervical 
point
547.505156 408.753551 378.930799 237.096238 209.113891 187.858781 162.978369 152.784543 153.022361 120.829353 79.791542 40.779373 0 83.909258
End 631.203711 491.725899 462.318877 315.96299 290.505602 268.986106 243.946775 236.673356 233.16093 199.547674 135.45424 103.854385 83.909258 0
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Appendix 4(d)
Image A day 0 - Distances by traversing path
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.092593 0.165165 0.290791 0.352352 0.389389 0.427427 0.540541 0.657157 0.731231 0.817317 0.866366 0.913914 1
Supragla-
bella
0.092593 0 0.072573 0.198198 0.25976 0.296797 0.334835 0.447948 0.564565 0.638639 0.724725 0.773774 0.821321 0.907407
Nasion 0.165165 0.072573 0 0.125626 0.187187 0.224224 0.262262 0.375375 0.491992 0.566066 0.652152 0.701201 0.748749 0.834835
Nasal tip 0.290791 0.198198 0.125626 0 0.061562 0.098599 0.136637 0.24975 0.366366 0.44044 0.526527 0.575576 0.623123 0.709209
Nasophiltral 
junction
0.352352 0.25976 0.187187 0.061562 0 0.037037 0.075075 0.188188 0.304805 0.378879 0.464965 0.514014 0.561562 0.647648
Philtrum 0.389389 0.296797 0.224224 0.098599 0.037037 0 0.038038 0.151151 0.267768 0.341842 0.427928 0.476977 0.524525 0.610611
Top lip 0.427427 0.334835 0.262262 0.136637 0.075075 0.038038 0 0.113113 0.22973 0.303804 0.38989 0.438939 0.486486 0.572573
Oral vertex 0.540541 0.447948 0.375375 0.24975 0.188188 0.151151 0.113113 0 0.116617 0.190691 0.276777 0.325826 0.373373 0.459459
Bottom lip 0.657157 0.564565 0.491992 0.366366 0.304805 0.267768 0.22973 0.116617 0 0.074074 0.16016 0.209209 0.256757 0.342843
Chin depres-
sion
0.731231 0.638639 0.566066 0.44044 0.378879 0.341842 0.303804 0.190691 0.074074 0 0.086086 0.135135 0.182683 0.268769
Chin apex 0.817317 0.724725 0.652152 0.526527 0.464965 0.427928 0.38989 0.276777 0.16016 0.086086 0 0.049049 0.096597 0.182683
$IJOJOnFD-
tion (jawline)
0.866366 0.773774 0.701201 0.575576 0.514014 0.476977 0.438939 0.325826 0.209209 0.135135 0.049049 0 0.047548 0.133634
Cervical 
point
0.913914 0.821321 0.748749 0.623123 0.561562 0.524525 0.486486 0.373373 0.256757 0.182683 0.096597 0.047548 0 0.086086
End 1 0.907407 0.834835 0.709209 0.647648 0.610611 0.572573 0.459459 0.342843 0.268769 0.182683 0.133634 0.086086 0
Appendix 4(e)
Image A day 0 Straight Line distances
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 92.401555 158.760624 254.173608 264.259541 300.04343 336.522429 348.777901 362.623869 432.73693 514.026149 529.713414 547.927155 627.671867
Supragla-
bella
92.401555 0 70.183402 164.268961 171.978553 207.670169 244.177014 263.663983 270.287952 340.458296 421.63048 437.81122 457.160998 536.486425
Nasion 158.760624 70.183402 0 121.341995 109.745776 145.972267 181.525339 193.509217 207.281796 276.530991 358.905919 371.961353 389.198973 469.071982
Nasal tip 254.173608 164.268961 121.341995 0 59.731462 73.221319 103.739038 182.677035 127.137675 194.393068 269.370979 294.077745 322.468423 396.731563
Nasophiltral 
junction
264.259541 171.978553 109.745776 59.731462 0 36.251816 72.344412 124.754909 98.400898 168.4844 250.027489 266.202184 287.988658 366.103283
Philtrum 300.04343 207.670169 145.972267 73.221319 36.251816 0 36.59355 115.184511 62.704523 133.002926 214.021427 231.552918 255.350379 332.404091
Top lip 336.522429 244.177014 181.525339 103.739038 72.344412 36.59355 0 108.146286 26.120399 96.409465 177.688319 195.119828 220.034568 296.351318
Oral vertex 348.777901 263.663983 193.509217 182.677035 124.754909 115.184511 108.146286 0 111.402085 142.937057 217.184436 210.318897 212.948342 293.332537
Bottom lip 362.623869 270.287952 207.281796 127.137675 98.400898 62.704523 26.120399 111.402085 0 70.308085 151.708563 169.282788 195.423916 270.90541
Chin depres-
sion
432.73693 340.458296 276.530991 194.393068 168.4844 133.002926 96.409465 142.937057 70.308085 0 82.998098 99.747718 130.528578 202.365141
Chin apex 514.026149 421.63048 358.905919 269.370979 250.027489 214.021427 177.688319 217.184436 151.708563 82.998098 0 46.690409 92.176351 138.611672
$IJOJOnFD-
tion (jawline)
529.713414 437.81122 371.961353 294.077745 266.202184 231.552918 195.119828 210.318897 169.282788 99.747718 46.690409 0 45.487476 103.056745
Cervical 
point
547.927155 457.160998 389.198973 322.468423 287.988658 255.350379 220.034568 212.948342 195.423916 130.528578 92.176351 45.487476 0 80.768719
End 627.671867 536.486425 469.071982 396.731563 366.103283 332.404091 296.351318 293.332537 270.90541 202.365141 138.611672 103.056745 80.768719 0
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Appendix 4(f)
Image A day 5 Distances by traversing path:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.146866 0.192836 0.393433 0.449552 0.468657 0.49194 0.572537 0.660896 0.687761 0.825075 0.859104 0.900299 1
Supragla-
bella
0.146866 0 0.04597 0.246567 0.302687 0.321791 0.345075 0.425672 0.51403 0.540896 0.678209 0.712239 0.753433 0.853134
Nasion 0.192836 0.04597 0 0.200597 0.256716 0.275821 0.299104 0.379701 0.46806 0.494925 0.632239 0.666269 0.707463 0.807164
Nasal tip 0.393433 0.246567 0.200597 0 0.056119 0.075224 0.098507 0.179104 0.267463 0.294328 0.431642 0.465672 0.506866 0.606567
Nasophiltral 
junction
0.449552 0.302687 0.256716 0.056119 0 0.019104 0.042388 0.122985 0.211343 0.238209 0.375522 0.409552 0.450746 0.550448
Philtrum 0.468657 0.321791 0.275821 0.075224 0.019104 0 0.023284 0.103881 0.192239 0.219104 0.356418 0.390448 0.431642 0.531343
Top lip 0.49194 0.345075 0.299104 0.098507 0.042388 0.023284 0 0.080597 0.168955 0.195821 0.333134 0.367164 0.408358 0.50806
Oral vertex 0.572537 0.425672 0.379701 0.179104 0.122985 0.103881 0.080597 0 0.088358 0.115224 0.252537 0.286567 0.327761 0.427463
Bottom lip 0.660896 0.51403 0.46806 0.267463 0.211343 0.192239 0.168955 0.088358 0 0.026866 0.164179 0.198209 0.239403 0.339104
Chin depres-
sion
0.687761 0.540896 0.494925 0.294328 0.238209 0.219104 0.195821 0.115224 0.026866 0 0.137313 0.171343 0.212537 0.312239
Chin apex 0.825075 0.678209 0.632239 0.431642 0.375522 0.356418 0.333134 0.252537 0.164179 0.137313 0 0.03403 0.075224 0.174925
$IJOJOnFD-
tion (jawline)
0.859104 0.712239 0.666269 0.465672 0.409552 0.390448 0.367164 0.286567 0.198209 0.171343 0.03403 0 0.041194 0.140896
Cervical 
point
0.900299 0.753433 0.707463 0.506866 0.450746 0.431642 0.408358 0.327761 0.239403 0.212537 0.075224 0.041194 0 0.099701
End 1 0.853134 0.807164 0.606567 0.550448 0.531343 0.50806 0.427463 0.339104 0.312239 0.174925 0.140896 0.099701 0
Appendix 4(g)
Image A day 5  Straight line distances:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 122.713254 147.62757 308.728097 332.819576 348.690059 366.511112 363.984354 388.473364 409.700876 521.553437 534.655345 549.633726 629.798546
Supragla-
bella
122.713254 0 34.280239 186.032402 211.239794 227.113103 245.320428 249.702255 267.212127 288.784253 400.737221 415.149459 432.051114 511.606343
Nasion 147.62757 34.280239 0 166.025661 185.785842 201.609345 219.149381 218.456902 241.116077 262.188484 373.971539 387.098067 402.669951 482.637101
Nasal tip 308.728097 186.032402 166.025661 0 45.726489 56.747868 74.922662 119.891384 93.419919 115.303307 223.130504 242.099666 265.105878 340.503789
Nasophiltral 
junction
332.819576 211.239794 185.785842 45.726489 0 15.87934 34.449529 75.350388 56.085175 77.983029 189.70049 205.628853 225.86492 303.47646
Philtrum 348.690059 227.113103 201.609345 56.747868 15.87934 0 19.074222 71.327235 40.316227 62.335299 173.894944 190.128244 210.922717 288.126606
Top lip 366.511112 245.320428 219.149381 74.922662 34.449529 19.074222 0 64.558637 21.96747 43.568735 155.437407 171.191029 191.851278 269.110677
Oral vertex 363.984354 249.702255 218.456902 119.891384 75.350388 71.327235 64.558637 0 71.23102 77.44392 170.81518 176.74698 186.953907 267.407694
Bottom lip 388.473364 267.212127 241.116077 93.419919 56.085175 40.316227 21.96747 71.23102 0 22.174055 133.617627 150.012006 171.787881 248.185669
Chin depres-
sion
409.700876 288.784253 262.188484 115.303307 77.983029 62.335299 43.568735 77.44392 22.174055 0 111.958525 127.853901 149.803563 226.011614
Chin apex 521.553437 400.737221 373.971539 223.130504 189.70049 173.894944 155.437407 170.81518 133.617627 111.958525 0 28.212484 61.491561 120.053682
$IJOJOnFD-
tion (jawline)
534.655345 415.149459 387.098067 242.099666 205.628853 190.128244 171.191029 176.74698 150.012006 127.853901 28.212484 0 33.314166 98.405294
Cervical 
point
549.633726 432.051114 402.669951 265.105878 225.86492 210.922717 191.851278 186.953907 171.787881 149.803563 61.491561 33.314166 0 80.454548
End 629.798546 511.606343 482.637101 340.503789 303.47646 288.126606 269.110677 267.407694 248.185669 226.011614 120.053682 98.405294 80.454548 0
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Appendix 4(h)
Image K day 0 Distances by traversing path:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.131671 0.179052 0.343641 - 0.419451 0.446883 0.546135 0.649377 0.704239 0.802993 0.850873 0.899751 1
Supragla-
bella
0.131671 0 0.047382 0.21197 - 0.287781 0.315212 0.414464 0.517706 0.572569 0.671322 0.719202 0.76808 0.868329
Nasion 0.179052 0.047382 0 0.164589 - 0.240399 0.26783 0.367082 0.470324 0.525187 0.62394 0.67182 0.720698 0.820948
Nasal tip 0.343641 0.21197 0.164589 0 - 0.07581 0.103242 0.202494 0.305736 0.360599 0.459352 0.507232 0.55611 0.656359
Nasophiltral 
junction
- - - - - - - - - - - - - -
Philtrum 0.419451 0.287781 0.240399 0.07581 - 0 0.027431 0.126683 0.229925 0.284788 0.383541 0.431421 0.480299 0.580549
Top lip 0.446883 0.315212 0.26783 0.103242 - 0.027431 0 0.099252 0.202494 0.257357 0.35611 0.40399 0.452868 0.553117
Oral vertex 0.546135 0.414464 0.367082 0.202494 - 0.126683 0.099252 0 0.103242 0.158105 0.256858 0.304738 0.353616 0.453865
Bottom lip 0.649377 0.517706 0.470324 0.305736 - 0.229925 0.202494 0.103242 0 0.054863 0.153616 0.201496 0.250374 0.350623
Chin depres-
sion
0.704239 0.572569 0.525187 0.360599 - 0.284788 0.257357 0.158105 0.054863 0 0.098753 0.146633 0.195511 0.295761
Chin apex 0.802993 0.671322 0.62394 0.459352 - 0.383541 0.35611 0.256858 0.153616 0.098753 0 0.04788 0.096758 0.197007
$IJOJOnFD-
tion (jawline)
0.850873 0.719202 0.67182 0.507232 - 0.431421 0.40399 0.304738 0.201496 0.146633 0.04788 0 0.048878 0.149127
Cervical 
point
0.899751 0.76808 0.720698 0.55611 - 0.480299 0.452868 0.353616 0.250374 0.195511 0.096758 0.048878 0 0.100249
End 1 0.868329 0.820948 0.656359 - 0.580549 0.553117 0.453865 0.350623 0.295761 0.197007 0.149127 0.100249 0
Appendix 4(i)
Image K day 0  Straight line distances:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 121.085725 141.605597 292.593865 - 317.005799 344.086249 338.946268 372.60539 420.130905 499.160947 518.430834 536.269716 631.247732
Supragla-
bella
121.085725 0 29.16181 171.674834 - 197.075719 224.299866 231.856229 253.174039 300.464042 378.147732 398.278091 418.050071 513.480295
Nasion 141.605597 29.16181 0 156.288686 - 175.714387 202.67525 203.957367 231.056389 278.615146 359.176103 377.06485 394.773116 489.896417
Nasal tip 292.593865 171.674834 156.288686 0 - 51.495122 71.910178 143.407671 98.907878 140.685934 208.306532 233.15865 260.391999 355.382988
Nasophiltral 
junction
- - - - - - - - - - - - - -
Philtrum 317.005799 197.075719 175.714387 51.495122 - 0 27.255919 95.759307 56.386505 103.398003 184.824853 201.425035 221.932269 317.558307
Top lip 344.086249 224.299866 202.67525 71.910178 - 27.255919 0 94.090721 29.235621 76.164263 159.308057 174.389602 194.785833 290.413225
Oral vertex 338.946268 231.856229 203.957367 143.407671 - 95.759307 94.090721 0 97.436764 128.509469 218.731555 215.469189 215.254759 304.273227
Bottom lip 372.60539 253.174039 231.056389 98.907878 - 56.386505 29.235621 97.436764 0 47.60035 134.554766 146.319905 165.562138 261.190082
Chin depres-
sion
420.130905 300.464042 278.615146 140.685934 - 103.398003 76.164263 128.509469 47.60035 0 91.164726 98.769089 119.886649 215.276278
Chin apex 499.160947 378.147732 359.176103 208.306532 - 184.824853 159.308057 218.731555 134.554766 91.164726 0 44.410273 91.554962 166.584489
$IJOJOnFD-
tion (jawline)
518.430834 398.278091 377.06485 233.15865 - 201.425035 174.389602 215.469189 146.319905 98.769089 44.410273 0 47.381495 127.10791
Cervical 
point
536.269716 418.050071 394.773116 260.391999 - 221.932269 194.785833 215.254759 165.562138 119.886649 91.554962 47.381495 0 95.62795
End 631.247732 513.480295 489.896417 355.382988 - 317.558307 290.413225 304.273227 261.190082 215.276278 166.584489 127.10791 95.62795 0
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Appendix 4(j)
Image K day 5 Distances by traversing path:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.11502 0.147404 0.318816 0.346734 0.380235 0.471803 0.538805 0.605248 0.647125 0.811837 0.860972 0.910664 1
Supragla-
bella
0.11502 0 0.032384 0.203797 0.231714 0.265215 0.356784 0.423786 0.490229 0.532105 0.696817 0.745952 0.795645 0.88498
Nasion 0.147404 0.032384 0 0.171413 0.19933 0.232831 0.3244 0.391401 0.457845 0.499721 0.664433 0.713568 0.763261 0.852596
Nasal tip 0.318816 0.203797 0.171413 0 0.027917 0.061418 0.152987 0.219989 0.286432 0.328308 0.493021 0.542155 0.591848 0.681184
Nasophiltral 
junction
0.346734 0.231714 0.19933 0.027917 0 0.033501 0.12507 0.192071 0.258515 0.300391 0.465103 0.514238 0.563931 0.653266
Philtrum 0.380235 0.265215 0.232831 0.061418 0.033501 0 0.091569 0.158571 0.225014 0.26689 0.431602 0.480737 0.53043 0.619765
Top lip 0.471803 0.356784 0.3244 0.152987 0.12507 0.091569 0 0.067002 0.133445 0.175321 0.340034 0.389168 0.438861 0.528197
Oral vertex 0.538805 0.423786 0.391401 0.219989 0.192071 0.158571 0.067002 0 0.066443 0.108319 0.273032 0.322166 0.371859 0.461195
Bottom lip 0.605248 0.490229 0.457845 0.286432 0.258515 0.225014 0.133445 0.066443 0 0.041876 0.206588 0.255723 0.305416 0.394752
Chin depres-
sion
0.647125 0.532105 0.499721 0.328308 0.300391 0.26689 0.175321 0.108319 0.041876 0 0.164712 0.213847 0.26354 0.352875
Chin apex 0.811837 0.696817 0.664433 0.493021 0.465103 0.431602 0.340034 0.273032 0.206588 0.164712 0 0.049135 0.098827 0.188163
$IJOJOnFD-
tion (jawline)
0.860972 0.745952 0.713568 0.542155 0.514238 0.480737 0.389168 0.322166 0.255723 0.213847 0.049135 0 0.049693 0.139028
Cervical 
point
0.910664 0.795645 0.763261 0.591848 0.563931 0.53043 0.438861 0.371859 0.305416 0.26354 0.098827 0.049693 0 0.089336
End 1 0.88498 0.852596 0.681184 0.653266 0.619765 0.528197 0.461195 0.394752 0.352875 0.188163 0.139028 0.089336 0
Appendix 4(k)
Image K day 5 Straight line distances:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 102.013169 116.052323 263.226412 264.69203 291.830658 361.011066 362.344729 375.160793 411.860571 540.117075 539.321832 554.813937 633.529709
Supragla-
bella
102.013169 0 25.673944 161.989395 165.484868 193.512473 264.622421 273.748344 279.285582 315.665467 440.286766 441.723873 459.890963 538.943433
Nasion 116.052323 25.673944 0 148.232004 148.657029 175.819518 245.587986 251.381882 259.961469 296.574715 424.073796 423.616224 440.233833 519.170855
Nasal tip 263.226412 161.989395 148.232004 0 23.330195 44.245016 113.476489 145.634246 128.639341 162.351383 278.966812 283.384719 305.957234 384.684937
Nasophiltral 
junction
264.69203 165.484868 148.657029 23.330195 0 28.702533 101.04225 126.228422 116.1411 151.615174 275.425968 276.347888 296.115482 375.155985
Philtrum 291.830658 193.512473 175.819518 44.245016 28.702533 0 72.342297 101.58923 87.4523 122.948093 248.605953 248.217372 267.462278 346.515571
Top lip 361.011066 264.622421 245.587986 113.476489 101.04225 72.342297 0 57.888935 15.191902 51.047278 184.144675 178.475116 195.417758 274.497892
Oral vertex 362.344729 273.748344 251.381882 145.634246 126.228422 101.58923 57.888935 0 54.987286 75.754051 210.87716 193.557406 198.049171 274.693226
Bottom lip 375.160793 279.285582 259.961469 128.639341 116.1411 87.4523 15.191902 54.987286 0 36.723877 172.47439 164.805865 180.624185 259.696017
Chin depres-
sion
411.860571 315.665467 296.574715 162.351383 151.615174 122.948093 51.047278 75.754051 36.723877 0 138.090802 128.191738 144.51899 223.584253
Chin apex 540.117075 440.286766 424.073796 278.966812 275.425968 248.605953 184.144675 210.87716 172.47439 138.090802 0 42.940761 84.926659 134.550976
$IJOJOnFD-
tion (jawline)
539.321832 441.723873 423.616224 283.384719 276.347888 248.217372 178.475116 193.557406 164.805865 128.191738 42.940761 0 43.017621 106.820608
Cervical 
point
554.813937 459.890963 440.233833 305.957234 296.115482 267.462278 195.417758 198.049171 180.624185 144.51899 84.926659 43.017621 0 79.080162
End 633.529709 538.943433 519.170855 384.684937 375.155985 346.515571 274.497892 274.693226 259.696017 223.584253 134.550976 106.820608 79.080162 0
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Appendix 4(l)
Image N day 0 Distances by traversing path:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 0.164726 0.257439 0.493316 - 0.56188 0.585166 0.670548 0.76326 0.783959 0.871496 0.921949 0.952566 1
Supragla-
bella
0.164726 0 0.092712 0.32859 - 0.397154 0.42044 0.505821 0.598534 0.619232 0.70677 0.757223 0.78784 0.835274
Nasion 0.257439 0.092712 0 0.235878 - 0.304442 0.327727 0.413109 0.505821 0.52652 0.614058 0.664511 0.695127 0.742561
Nasal tip 0.493316 0.32859 0.235878 0 - 0.068564 0.09185 0.177232 0.269944 0.290643 0.37818 0.428633 0.45925 0.506684
Nasophiltral 
junction
- - - - - - - - - - - - - -
Philtrum 0.56188 0.397154 0.304442 0.068564 - 0 0.023286 0.108668 0.20138 0.222078 0.309616 0.360069 0.390686 0.43812
Top lip 0.585166 0.42044 0.327727 0.09185 - 0.023286 0 0.085382 0.178094 0.198793 0.28633 0.336783 0.3674 0.414834
Oral vertex 0.670548 0.505821 0.413109 0.177232 - 0.108668 0.085382 0 0.092712 0.113411 0.200949 0.251401 0.282018 0.329452
Bottom lip 0.76326 0.598534 0.505821 0.269944 - 0.20138 0.178094 0.092712 0 0.020699 0.108236 0.158689 0.189306 0.23674
Chin depres-
sion
0.783959 0.619232 0.52652 0.290643 - 0.222078 0.198793 0.113411 0.020699 0 0.087538 0.137991 0.168607 0.216041
Chin apex 0.871496 0.70677 0.614058 0.37818 - 0.309616 0.28633 0.200949 0.108236 0.087538 0 0.050453 0.081069 0.128504
$IJOJOnFD-
tion (jawline)
0.921949 0.757223 0.664511 0.428633 - 0.360069 0.336783 0.251401 0.158689 0.137991 0.050453 0 0.030617 0.078051
Cervical 
point
0.952566 0.78784 0.695127 0.45925 - 0.390686 0.3674 0.282018 0.189306 0.168607 0.081069 0.030617 0 0.047434
End 1 0.835274 0.742561 0.506684 - 0.43812 0.414834 0.329452 0.23674 0.216041 0.128504 0.078051 0.047434 0
Appendix 4(m)
Image N day 0 Straight line distances:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 188.943656 219.810871 478.07007 - 462.353613 483.924002 441.689583 505.752091 524.021746 619.278749 624.938832 617.345675 663.524293
Supragla-
bella
188.943656 0 80.922073 308.367507 - 303.417946 327.59861 314.903939 349.881679 370.91655 458.237733 474.249384 474.298955 523.423856
Nasion 219.810871 80.922073 0 258.281519 - 243.870641 266.389443 239.816583 288.540084 307.993579 401.012303 410.617498 406.888806 455.040995
Nasal tip 478.07007 308.367507 258.281519 0 - 45.219693 56.582257 143.65263 68.013023 88.981188 152.484112 180.18735 192.977309 241.473142
Nasophiltral 
junction
- - - - - - - - - - - - - -
Philtrum 462.353613 303.417946 243.870641 45.219693 - 0 25.033011 98.433806 46.797365 68.8408 157.146805 171.412362 176.011285 225.756096
Top lip 483.924002 327.59861 266.389443 56.582257 - 25.033011 0 95.905657 22.313183 43.863416 135.495106 146.79719 150.99292 200.732742
Oral vertex 441.689583 314.903939 239.816583 143.65263 - 98.433806 95.905657 0 105.341713 109.81854 205.43236 192.506293 178.166909 222.357026
Bottom lip 505.752091 349.881679 288.540084 68.013023 - 46.797365 22.313183 105.341713 0 22.635178 114.111447 124.63566 130.189505 179.807887
Chin depres-
sion
524.021746 370.91655 307.993579 88.981188 - 68.8408 43.863416 109.81854 22.635178 0 98.882319 103.341297 107.576812 157.226986
Chin apex 619.278749 458.237733 401.012303 152.484112 - 157.146805 135.495106 205.43236 114.111447 98.882319 0 53.450618 86.940529 117.279119
$IJOJOnFD-
tion (jawline)
624.938832 474.249384 410.617498 180.18735 - 171.412362 146.79719 192.506293 124.63566 103.341297 53.450618 0 35.130233 66.52371
Cervical 
point
617.345675 474.298955 406.888806 192.977309 - 176.011285 150.99292 178.166909 130.189505 107.576812 86.940529 35.130233 0 49.756851
End 663.524293 523.423856 455.040995 241.473142 - 225.756096 200.732742 222.357026 179.807887 157.226986 117.279119 66.52371 49.756851 0
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Appendix 4(n)
Image N day 5 Distances by traversing path:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 - 0.283019 0.487587 0.532274 0.556107 0.572493 0.668322 0.76713 0.790963 0.869414 0.90566 0.940914 1
Supragla-
bella
- - - - - - - - - - - - - -
Nasion 0.283019 - 0 0.204568 0.249255 0.273088 0.289474 0.385303 0.484111 0.507944 0.586395 0.622642 0.657895 0.716981
Nasal tip 0.487587 - 0.204568 0 0.044687 0.06852 0.084906 0.180735 0.279543 0.303376 0.381827 0.418073 0.453327 0.512413
Nasophiltral 
junction
0.532274 - 0.249255 0.044687 0 0.023833 0.040218 0.136048 0.234856 0.258689 0.33714 0.373386 0.40864 0.467726
Philtrum 0.556107 - 0.273088 0.06852 0.023833 0 0.016385 0.112214 0.211023 0.234856 0.313307 0.349553 0.384806 0.443893
Top lip 0.572493 - 0.289474 0.084906 0.040218 0.016385 0 0.095829 0.194638 0.218471 0.296922 0.333168 0.368421 0.427507
Oral vertex 0.668322 - 0.385303 0.180735 0.136048 0.112214 0.095829 0 0.098808 0.122642 0.201092 0.237339 0.272592 0.331678
Bottom lip 0.76713 - 0.484111 0.279543 0.234856 0.211023 0.194638 0.098808 0 0.023833 0.102284 0.13853 0.173784 0.23287
Chin depres-
sion
0.790963 - 0.507944 0.303376 0.258689 0.234856 0.218471 0.122642 0.023833 0 0.078451 0.114697 0.14995 0.209037
Chin apex 0.869414 - 0.586395 0.381827 0.33714 0.313307 0.296922 0.201092 0.102284 0.078451 0 0.036246 0.0715 0.130586
$IJOJOnFD-
tion (jawline)
0.90566 - 0.622642 0.418073 0.373386 0.349553 0.333168 0.237339 0.13853 0.114697 0.036246 0 0.035253 0.09434
Cervical 
point
0.940914 - 0.657895 0.453327 0.40864 0.384806 0.368421 0.272592 0.173784 0.14995 0.0715 0.035253 0 0.059086
End 1 - 0.716981 0.512413 0.467726 0.443893 0.427507 0.331678 0.23287 0.209037 0.130586 0.09434 0.059086 0
Appendix 4(o)
Image N day 5 Straight line distances:
Start Supragla-
bella
Nasion Nasal tip Nasophiltral 
junction
Philtrum Top lip Oral vertex Bottom lip Chin depres-
sion
Chin apex $IJOJOnFD-
tion (jawline)
Cervical 
point
End
Start 0 - 241.328667 438.6867 440.310345 459.510045 474.803049 463.840329 491.671473 513.432464 585.376556 595.144561 590.087527 643.133664
Supragla-
bella
- - - - - - - - - - - - - -
Nasion 241.328667 - 0 201.751031 199.348568 218.211973 233.474503 232.060682 250.356614 272.10398 344.233196 353.900427 349.98164 403.73107
Nasal tip 438.6867 - 201.751031 0 40.316646 56.815241 68.676056 148.558117 82.55181 96.794251 154.98082 174.009353 184.108045 237.70612
Nasophiltral 
junction
440.310345 - 199.348568 40.316646 0 22.507895 38.294699 108.244496 55.415427 75.319181 145.110223 157.606205 160.747364 215.528713
Philtrum 459.510045 - 218.211973 56.815241 22.507895 0 16.027715 96.050068 33.355233 54.22974 126.254724 136.6237 138.457432 193.274108
Top lip 474.803049 - 233.474503 68.676056 38.294699 16.027715 0 93.386939 17.342644 38.637486 111.650511 120.863683 122.483212 177.28721
Oral vertex 463.840329 - 232.060682 148.558117 108.244496 96.050068 93.386939 0 94.598518 107.753783 169.521876 160.780151 140.923604 186.984584
Bottom lip 491.671473 - 250.356614 82.55181 55.415427 33.355233 17.342644 94.598518 0 22.022686 95.860698 103.703628 105.358736 160.11887
Chin depres-
sion
513.432464 - 272.10398 96.794251 75.319181 54.22974 38.637486 107.753783 22.022686 0 73.91709 82.420944 87.475521 141.649016
Chin apex 585.376556 - 344.233196 154.98082 145.110223 126.254724 111.650511 169.521876 95.860698 73.91709 0 31.340434 63.341284 98.470619
$IJOJOnFD-
tion (jawline)
595.144561 - 353.900427 174.009353 157.606205 136.6237 120.863683 160.780151 103.703628 82.420944 31.340434 0 34.190747 68.758765
Cervical 
point
590.087527 - 349.98164 184.108045 160.747364 138.457432 122.483212 140.923604 105.358736 87.475521 63.341284 34.190747 0 54.83428
End 643.133664 - 403.73107 237.70612 215.528713 193.274108 177.28721 186.984584 160.11887 141.649016 98.470619 68.758765 54.83428 0
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Appendix 5(c)
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1RWH2EVHUYDWLRQDOGUDZLQJLVKHUHVFUXWLQLVHGXVLQJWKLVSDUDGLJP
RI SHUFHSWLRQDVDSURFHVVFDUULHGRXWLQWLPHDQGVSDFHE\WKHERG\
3HUFHSWLRQLVDQLQWHUSUHWDWLRQDPDNLQJRI PHDQLQJRI VWLPXODWLRQLH
RI FKDQJH7KHZRUG¶VHQVH·LVFRQIXVLQJDVLWLVJHQHUDOO\XVHGWRUHIHUWR
DQLQLWLDOVWLPXODWLRQHJDFWLYDWLRQRI UHWLQDOFHOOVDQGLVRIWHQDVVXPHGWR
FRQWDLQQRPHDQLQJVHQVHDWWKLVVWDJH,QPDQ\ZD\VLWZRXOGVHHPPRUH
ORJLFDOWRXVHWKHZRUGVHQVHIRUZKDWZHFRPPRQO\UHIHUWRDVSHUFHSWLRQ
²WKHVWDJHRI LQWHUSUHWDWLRQRI DQGPHDQLQJJLYLQJWRVHQVRU\VWLPXOL
+RZHYHUSHUKDSVWKHUHLVVRPHUHDVRQWRWKHUK\PHPDQ\VFLHQWLVWVDQG
SKLORVRSKHUVQRZEHOLHYHWKDWWKHUHLVQRPRPHQWRI LQQRFHQFHRI SXUH
LQSXWWRWKHVHQVHVRI PHDQLQJOHVVLPSUHVVLRQV7RSGRZQDQGERWWRP
XSLQIRUPDWLRQPHUJHLQWLPHDQGVSDFHVRWKDWPHDQLQJLVEURXJKWWRWKH
H[SHULHQFHDORQJZLWKSULPDU\VHQVRU\LQSXWVRWKDWVHQVHDQGSHUFHSWLRQ
FDQQRWEHVHSDUDWHG
1RWH,QQRUPDOOLIHZKDWZHH[SHULHQFHPDNHVVHQVH²LWLVDOUHDG\D
PHDQLQJIXOLQWHUSUHWDWLRQRI PRYHPHQWV$V*LEVRQH[SODLQHGLWREMHFWV
DQGVLWXDWLRQVKDYH¶DIIRUGDQFHV·*LEVRQ
Notes to accompany annotated drawings
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1RWH$VZHKDYHVHHQWKHGRPLQDQWSDUDGLJPLQERWKVFLHQFHDQG
SHGDJRJ\LVWKDWWKHKDQGLVDPRWRUDJHQWIROORZLQJWKHSHUFHSWLYHH\HVR
WKHH\HLVWKRXJKWWRGRDOOWKHZRUNRI VHHLQJ,QKLV3K'WKHVLV+RZDUG
5LOH\H[SODLQVWKHSKLORVRSKLFDOSURMHFWVWHPPLQJEDFNWRWKH
5HQDLVVDQFHWKDWDLPHGWRUDLVHGUDZLQJIURPDKDQGFUDIWWRDÀQHDUW
2FXODUYLVLRQZDVFRQVLGHUHGDKLJKHUVHQVHPRUHFORVHO\FRQQHFWHGZLWK
WKRXJKWDQGLQWHOOLJHQFHVRE\HPSKDVLVLQJWKHUROHRI WKHH\HLQGUDZLQJ
GUDZLQJV·VWDWXVZDVHOHYDWHG,QSUDFWLFH$OEHUWLSURSRVHG
WKDWGUDZHUVFRQFHQWUDWHRQKRZWKH\ORRNDWWKLQJV,QPRGHUQWLPHV%HWW\
(GZDUGVHSLWRPLVHVWKHYLHZWKDWGUDZLQJDFFXUDF\GHSHQGVRQORRNLQJ
7KLVYLHZZDVDQGLVKHOGPDQ\DUWLVWVDQGGUDZLQJWHDFKHUVRYHUFHQWXULHV
1RWH7KHH\HLVÀQHO\WXQHGWRVHQVHPRYHPHQWDQGWRJLYHXVDQ
HJRFHQWULFYLHZVRWKDWZHFDQSURWHFWRXUVHOYHV²HJWRPHDVXUHGLVWDQFHV
EHWZHHQWLJHUVEXVHVDQGRXUVHOYHV7KHH\HLVQRWGHVLJQHGIRUGUDZLQJ
7KHH\HLVIDVWLWVZLIWO\FDSWXUHVHVVHQWLDOLQIRUPDWLRQÀWIRUSXUSRVH²
FRPPRQO\IRUVXUYLYDO,WLGHQWLÀHVPRYHPHQWGHSWKRUUHFRJQLVHVIDFHVLQ
RQHJODQFH
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1RWH$VRXWOLQHGLQ&KDSWHU5LFKDUG*UHJRU\DUJXHVWKDWYLVLRQLVD
UHVHDUFKSURFHVVLQYROYLQJWULDODQGHUURUK\SRWKHVLVWHVWLQJ7KHLGHDRI WKH
H\HEHKDYLQJOLNHWKHKDQGLQWHUPVRI WRXFKPRYLQJRYHUDQREMHFWOHDGV
WRWKHFRQVLGHUDWLRQRI ZKHWKHUVSDWLDOLQIRUPDWLRQLVHQFRGHGLQWKHVFDQ
SDWKRI WKHH\HVDVGLVWLQFWIURPWKHUHWLQDOGLVSOD\7KHLPSOLFDWLRQLVWKDW
WKHPRYHPHQWVDQGSDWKRI WKHH\HVKROGWKHYLVXDOLQIRUPDWLRQLQZKLFK
FDVHGUDZLQJUHOLHVRQDWHPSRUDOVHTXHQFHRI À[DWLRQVUDWKHUWKDQVRPH
VRUWRI PHQWDOPDSRI FRRUGLQDWHV3\VFKRORJLVWV&KHFN1RWRQDQG6WDUN
VXJJHVWHGWKDWWKHVFDQSDWKLWVHOI FRQWDLQHGYLVXDOPHPRU\WKDWZDV
UHFDOOHGZKHQWKHVFDQSDWKZDVUHSOD\HG+RZHYHUWKHUHLVOLWWOHVXSSRUWLQJ
VFLHQWLÀFHYLGHQFHIRUWKLVVHH/DQG
1RWH$VZHOODVDFNQRZOHGJLQJWKDWYLVLRQLVWRXFKOLNHGUDZLQJFDQ
EHDPHWDSKRULFDOSURELQJDQGWRXFKLQJDIHHOLQJRI RXUZD\WRZDUGV
XQGHUVWDQGLQJDQGGLVFRYHU\,WLVDSURFHVVRI LPSURYLVDWLRQ1LFRODwGHV·
PHWDSKRUIRUWKHVORZQHVVRI WKHSURFHVVZDONLQJYHUVXVWDNLQJDQ
DLUSODQHUHIHUVWRWKHGHWDLOIRFXVQHHGHGIRUGUDZLQJ7KHH\HLVWKHSODQH
2EVHUYDWLRQDOGUDZLQJQHHGVVORZQHVV²LWLVWKHRQO\ZD\WRWDNHLQGHWDLO
1RWH/XF\/\RQV·WDONVRI YLVLRQDVWRXFKOLNHDQGDV¶DOPRVWVHHLQJ·
%XWGR\RXNQRZ,WKLQN,GRQ·WQHFHVVDULO\ORRNEXW,WRXFKWKHVXUIDFH,
IHHOLW,IHHOP\ZD\URXQGLWDQG,WKLQNHVSHFLDOO\EHFDXVHREMHFWZLVH,
HUZRUNZLWKREMHFWVWKDWFDQ·WEHWRXFKHG,¶YHDOZD\VIHOWWKDWWKHSHQFLOLV
WKHRQO\ZD\,FRXOGWRXFKLWEXWWKHQRQWKHRWKHUHQGRI WKHSHQFLOLVPH
DQGWKHSHQFLOWLSLVWRXFKLQJWKHSDSHUVR,·PVRUWRI VHHLQJLWWKURXJKWKH
WRXFK²LI WKDWPDNHVVHQVH·/\RQVPLQV
6KHZHQWRQWRVD\¶6RLWVRUWRI UHDFKHVRXWWRPHDQG,KDYHWRUHDFK
LQWRLWDQGDVWKDWKDSSHQVVRWKHWLSRI P\SHQFLODOPRVWVHHVWKURXJK
WRXFKLQJRQWKHVXUIDFH·/\RQVPLQVV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1RWH,Q(\HDQG%UDLQ*UHJRU\RXWOLQHVWKHSK\VLRORJ\RI WKH
H\HDQGUHODWHVLWWRJHQHUDOIXQFWLRQLQJRI WKHH\HDQGLQWKH¶$UWIXO(\H·
KHGLVWLQJXLVKHVEHWZHHQ¶VLJKWIRUVXUYLYDO·DQGDGDSWHGVLJKWIRU
¶VHHLQJDQGFUHDWLQJEHDXW\·SY+HEHOLHYHVWKDWWKHH\HFRQGXFWV
UHVHDUFKWHVWLQJK\SRWKHVHVDERXWZKDWLWVHHVDJDLQVWH[SHFWDWLRQEDVHG
RQNQRZOHGJHDQGH[SHULHQFH*UHJRU\·V¶DUWIXOH\H·ORRNVDWWKLQJVLQ
DQHVSHFLDOZD\EDVHGRQWDVNVSHFLÀFNQRZOHGJHRI WKHVWUXFWXUHRI 
DSSHDUDQFHDQGSURFHGXUDONQRZOHGJHRI KRZWRPDNHDUWWKHH[LVWHQFH
RI WKLV¶DGDSWHGVLJKW·LVFHQWUDOWR*UHJRU\·VWKHVLV+LVÀQGLQJVUHODWHWR
WKHUROHRI PRYHPHQWDQGWRXFKLQWKLVFODULÀFDWLRQRI YLVLRQ1LFRODwGHV·
SHUVSHFWLYHIURPWKHVWXGLRFORVHO\FRQQHFWVZLWK*UHJRU\·VWKHRU\DERXW
WKHUROHRI WRXFKLQYLVLRQ$FURVVGLVFLSOLQHV*UHJRU\DQG*RPEULFK
DJUHHGRQPDQ\DVSHFWVRI WKHGUDZLQJSURFHVV*UHJRU\·VYLHZSURSRVHG
WKDWYLVLRQLWVHOI FRQVLVWVRI SHUFHSWXDOK\SRWKHVHVDQGWKHDVNLQJRI 
TXHVWLRQV
'UDZLQJRIIHUVDSDUWLFXODUZD\WRWHVWWKHVHYLVXDOK\SRWKHVHVXVLQJWKH
KDQGWRPDQLIHVWWKHTXHVWLRQVDQGWRRIIHUSRVVLEOHDQVZHUV7KHDFWLRQRI 
WKHKDQGPD\SURYLGHDQVZHUVWRSHUFHSWXDOTXHVWLRQVDQGDPELJXLWLHV,Q
WKLVZD\SHUFHSWLRQLVWUDQVIRUPHGDQGWKHGUDZHUGHYHORSVDSDUWQHUVKLS
EHWZHHQWKHH\HDQGKDQG*UHJRU\PDNHVDQLPSRUWDQWFRQWULEXWLRQ
FRQWLQXLQJ*RPEULFK·VOLQHRI VWXG\RI WRSGRZQNQRZOHGJHDQGRIIHULQJ
DYLHZRI H[WUDRUGLQDU\SHUFHSWLRQIRUGUDZLQJEDVHGRQ*RPEULFK·V
VFKHPDWKHRU\+HVXSSRUWVWKH¶DFWLYHYLVLRQ·YLHZ
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1RWH7KHPRYHPHQWDQGV\QFKURQLVLQJRI WKHKDQGZLWKWKHH\HLV
FOHDUO\UHOHYDQW7FKDOHQNRVWDWHVWKDWH[SHUWFRS\LQJXVHVDVHOHFWLYHYLVLRQ
+HVWDWHVWKDW
6XFKDVHOHFWLYHYLVLRQLVGHGLFDWHGWRSURGXFLQJKDQGPRYHPHQWVIRU
GUDZLQJ·DQGWKDW¶2QO\DQDUWLVWGUDZLQJWKHSRUWUDLWZRXOGSHUFHLYHLWDVD
VXFFHVVLRQRI IRXUFRQVHFXWLYHVLPSOHOLQHV²DSHUFHSWLRQDOORZLQJGLUHFW
YLVXRPRWRUWUDQVIRUPDWLRQDQGSURYLGLQJPD[LPXPJUDSKLFDFFXUDF\
7FKDOHQNRDS
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1RWH
%XWDWDPRUHFRPSOH[OHYHOWKHMXGJPHQWVDERXWZKDWOLQHVUHPDLQWREH
GUDZQDUHOLNHO\WREHEDVHGRQKRZWKHGUDZLQJLVHYROYLQJZLWKQHZOLQHV
EHLQJFKRVHQWRFRPSOLPHQWWKRVHDOUHDG\GUDZQRUVRWKDWGUDZQOLQHV
PD\EHVWUHQJWKHQHGH[WHQGHGRUHUDVHGWRHQVXUHWKHOLNHQHVVLVFDSWXUHG
ZHOO0LDOO*RZHQ	7FKDOHQNRS
3V\FKRORJLVW&KULV0LDOODFNQRZOHGJHVWKDWLQUHDOLW\LQFRQWUDVWWRWLJKWO\
FRQWUROOHGVFLHQWLÀFH[SHULPHQWVOLQHVGHSHQGRQWKHHPHUJLQJGUDZLQJDV
ZHOODVRQSHUFHSWLRQRI WKHRULJLQDO
1RWH$VRXWOLQHGLQ&KDSWHUUHVHDUFKIRFXVKDVEHHQRQWKH
SHUFHSWLRQWRDFWLRQSURFHVV:KLOH7FKDOHQNRFRQVLGHUVWKHUROHRI 
WKHKDQGLQWKHGUDZLQJSURFHVVKLVIRFXVLVRQEHKDYLRXUUDWKHUWKDQ
SHUFHSWXDOIXQFWLRQ7KLVKDVPHDQWWKDWKHKDVQRWFRQVLGHUHGWKH
SHUFHSWXDOFRQWULEXWLRQRI WKHKDQG)RUKLPDQGIRURWKHUFRQWHPSRUDU\
VFLHQWLVWVWKHVHQVRU\RUJDQVUHWDLQWKHLUWUDGLWLRQDOIXQFWLRQVWKHH\HVHHV
DQGWKHKDQGGUDZV+LVFRJQLWLYHLQWHUSUHWDWLRQRI GUDZLQJEHKDYLRXULV
EDVHGRQDQH\HWRKDQGPRGHOZLWKWKHH\HSOD\LQJWKHSHUFHSWXDOUROH
DQGZLWKWKHKDQGDFWLQJDVDPRWRUH[HFXWRU\DJHQW3K\VLFLVW&RHQ&DJOL
DFNQRZOHGJHVWKHLQWHUGHSHQGHQFHRI H\HDQGKDQGPRYHPHQWVEXW
GRHVQRWPDNHH[SOLFLWWKHLGHDWKDWWKHKDQGLVLQYROYHGLQSHUFHSWLRQ+H
FRQVLGHUVIHHGEDFNSURFHVVHVEXWGRHVQRWH[SORUHWKHSHUFHSWXDOUROHRI 
WKHKDQGHLWKHUXVLQJWRXFKRUYLVLRQ
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1RWH$VRXWOLQHGLQFKDSWHU5XVNLQFRQWUDU\WRWKHFRPPRQYLHZ
WKDWKHWKLQNVGUDZLQJLVDOODERXWORRNLQJZLWKWKHH\HHPSKDVLVHVWKHUROH
RI WKHKDQG+LVÀUVWH[HUFLVHLQ Elements of  DrawingLVDERXWFRQWUROOLQJ
WKHKDQG+HVD\V\RXQHHG¶VWHDGLQHVVRI KDQG·DQGWKDWWKHH\H¶«PXVW
EHPDGHDFFXUDWHDVZHOODVNHHQDQGQRWRQO\VHHVKUHZGO\EXWPHDVXUH
MXVWO\·5XVNLQS
1RWH5XVNLQVWDWHVWKDW
E\ZRUNLQJRYHUWKHVXEMHFWZLWKVRGHOLFDWHDSRLQWWKHDWWHQWLRQPD\
EHGLUHFWHGWRWKHPRVWPLQXWHSDUWVRI LW(YHQWKHEHVWDUWLVWVQHHG
RFFDVLRQDOO\WRVWXG\VXEMHFWVZLWKDSRLQWHGLQVWUXPHQWLQRUGHUWKXVWR
GLVFLSOLQHWKHLUDWWHQWLRQDQGDEHJLQQHUPXVWEHFRQWHQWWRGRVRIRUD
FRQVLGHUDEOHSHULRG5XVNLQSS²
+LVDUJXPHQWLVWKDWWKHSHQFLOFRQWUROVDWWHQWLRQ%\WKLVPRGHOWKHKDQG
JXLGHVWKHH\H'RHVGUDZLQJSURFHHGLQDOLQHDUZD\IURPSHUFHSWLRQ
WRDFWLRQ"2UGRHVDFWLRQDIIHFWSHUFHSWLRQ"7KHFRQFHSWRI WKHKDQG
GUDZLQJWKHH\HWRDWWHQWLRQVLWVZLWKLQDFRPPRQPRGHORI H\HDQGKDQG
LQWHUDFWLRQ
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1RWH)XUWKHUPRUHWKHSURFHVVRI GUDZLQJRIIHUVDSDUWLFXODUZD\RI 
HQJDJLQJZLWKWKHZRUOGYHU\GLIIHUHQWIURPHYHU\GD\TXLFNFDSWXUHE\WKH
H\H7KHKDQGFDSWXUHVDOORI WKHOLQHQRWMXVWGLVWULEXWHGÀ[DWLRQSRLQWV
$VZHKDYHVHHQ*UHJRU\DQG1RsHPSKDVLVHWKHVLPLODULWLHVEHWZHHQ
WRXFKDQGYLVLRQDQGWKHWHPSRUDOQDWXUHRI ORRNLQJWKHZD\WKDWWKH
H\HSLFNVXSLQIRUPDWLRQELWE\ELW,QREVHUYDWLRQDOGUDZLQJWKLVLVPRUH
HYLGHQWWKDQLQRWKHUYLVXDORSHUDWLRQVDVWKHH\HLVUHTXLUHGWRWDNHLQPRUH
GHWDLOLQRUGHUWRGUDZ,QWKLVFDVHDTXLFNJODQFHFDQQRWFDSWXUHVXIÀFLHQW
LQIRUPDWLRQIRUWKHWDVN,QWKLVZD\¶ORRNLQJIRUGUDZLQJ·LVPRUHOLNHWRXFK
WKDQHYHU\GD\ORRNLQJ
1RWH .R]EHOWIRXQGWKDWDUWLVWVRXWSHUIRUPQRQDUWLVWVRQIRUP
UHFRJQLWLRQWDVNVDQGDUJXHVWKDWWKHVHUHVXOWV¶FDQEHH[SODLQHGE\WKH
ZD\YLVXRPRWRUVNLOORSHUDWHVLQDUWLVWV·PHWKRGVWRRYHUFRPHWRSGRZQ
FRQFHSWXDOLVVXHVLQREMHFWLGHQWLÀFDWLRQ·7KH\DUJXHWKDWWKHPRWRU
DFWLRQRI GUDZLQJFRQWULEXWHVWRSHUFHSWXDODFFXUDF\7KH\GRQRWGLVFXVV
WKHH[DFWQDWXUHRI KRZWKLVPD\RFFXUYLVXRPRWRUSURFHVVHVPD\EHOHVV
VXVFHSWLEOHWRYLVXDOLOOXVLRQ7KLVLVDQLVVXHWKDWQHHGVWREHFRQVLGHUHGLQ
IXWXUHUHVHDUFK7KH\GRQRWVSHFLI\KRZWKHDFWLRQRI KDQGPD\FRQWULEXWH
WRWKLVWUDQVIRUPDWLRQRI SHUFHSWLRQ7RGDWH.R]EHOWKDVFRQFHQWUDWHGRQ
VHDUFKLQJIRUHYLGHQFHRI WKLVUDWKHUWKDQLQWHUURJDWLQJKRZWKHH\HDQG
KDQG·VUROHVPD\EHFKDQJLQJZLWKLQWKHUHODWLRQVKLS
1RWH7KLVLVVSHFXODWLYHKRZHYHULWLVHYLGHQWWKDWVRPHDVSHFWVRI 
WKHOLQHZHFDQRQO\VHHWKURXJKWKHDFWRI GUDZLQJLWEHFDXVHWKHOLQH
GRHVQRWH[LVWXQWLOZHKDYHGUDZQLW,QWKLVZD\REVHUYDWLRQDOGUDZLQJ
LVLPDJLQDWLYHDV*UHJRU\DUJXHVYLVLRQLV:HVDZDERYHWKDWZKHQZH
WXUQDURXQG7FKDOHQNR·VVWDWHPHQWDERXWVHOHFWLYHYLVLRQHQDEOLQJKDQG
PRYHPHQWVIRUGUDZLQJDQGVWDWHLQVWHDGWKDW¶VHOHFWLYHKDQGPRYHPHQWV
DUHGHGLFDWHGWRSURGXFLQJDVHOHFWLYHYLVLRQ·LWVWLOOPDNHVVHQVH,WLV
LQWHUHVWLQJWKDWKLVVWDWHPHQWVHQWHUWDLQSRVVLEOHYDOLGLW\ZKHQUHYHUVHG
VXJJHVWLQJWKDWWKHH\HWRKDQGSDUDGLJPLVRSHQWRFKDOOHQJH
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1RWH%ULGJHW5LOH\·VFRQYLFWLRQWKDWVKHGLVFRYHUVWKURXJKGUDZLQJ
¶«KRZPXFKPRUH\RXFDQ¶VHH·E\GUDZLQJWKDQE\MXVWORRNLQJ·5LOH\
SUHSUHVHQWVDFRPPRQO\KHOGEHOLHI WKDWGUDZLQJKHOSVXVWR
¶VHH·&HQWUDOWRWKHDUJXPHQWLVWKDWLQWKHSDUWLFXODUFDVHRI GUDZLQJIURP
OLIHWKHH\HQHHGVWKHKDQG*UHJRU\VKRZHGKRZWKHKDQGHOXFLGDWHV
RFXODUSHUFHSWLRQLQHYHU\GD\SHUFHSWLRQDQGWDVNV,QWKLVFDVHWKHKDQG
LVWKHNH\DVLWLVDEOHWRH[SORUHWKHREMHFWLQDGHWDLOHGZD\DQGRIIHU
WKHH\HLQIRUPDWLRQWKDWWKHH\HFDQQRWFDSWXUH3HUFHSWLRQIRUGUDZLQJ
LVVXUSULVLQJO\DNLQWRSHUFHSWLRQE\EOLQGSHRSOH7KHREMHFWLVH[SORUHG
ELWE\ELWWREXLOGXSDYLVLRQRI WKHZKROH²XQOLNHHYHU\GD\YLVLRQ
ZKHUHWKHH\HFDSWXUHVNH\LQIRUPDWLRQDVTXLFNO\DVSRVVLEOHWRLQIRUP
DFWLRQ/HRQDUGR·VPHGLFDOGUDZLQJVDUHXVHGE\VXUJHRQVWRWKLVGD\
SUHIHUUHGRYHUSKRWRJUDSKVEHFDXVHHGJHVDQGERXQGDULHVDUHPRUHFOHDUO\
GHPDUFDWHGWKDQLQHYHU\GD\YLVLRQ
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1RWH$IXQGDPHQWDOFKDUDFWHULVWLFRI REVHUYDWLRQDOGUDZLQJLVWKDWWKH
KDQGRIIHUVIHHGEDFNLQWKHIRUPRI WKHGUDZQOLQH7KHH\HFKHFNVWKH
GUDZQOLQHDJDLQVWWKHRULJLQDOWKHH\HKDVWKHFKDQFHWRFRPSDUHGUDZQ
OLQHVZLWKWKHH[WHUQDOOLQHRUHGJHWKDWLWSUHVHQWVRUZLWKDPHQWDOLPDJH
$SURFHVVRI FRQWLQXDOK\SRWKHVLVWHVWLQJRSHUDWHVXVLQJDQH[WHUQDOGUDZQ
OLQHDVDK\SRWKHVLVWREHWHVWHGDJDLQVWDQREMHFWLQWKHZRUOG'HVSLWHKLV
HPSKDVLVRQWKHH\H/HRQDUGRUHFRJQLVHVWKHUROHRI WKHKDQGLQGLVFRYHU\
LQFODULI\LQJDQGKLJKOLJKWLQJDSSHDUDQFHVDOORZLQJDQGHQKDQFLQJ¶VHHLQJ·
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1RWH
7KLVLVYHU\LPSRUWDQWIRUWKHDUJXPHQW6WDELOLVLQJWKHSHUFHSWPHDQV
FODULI\LQJZKDWZHSHUFHLYHZKLFKPDNHVLWPRUHÀ[HGDQGVWDEOHLQDZD\
JLYLQJDQDQVZHUWRWKHK\SRWKHVLVWKDWYLVLRQLVWHVWLQJ
+XPDQVXVHPXOWLSOHVRXUFHVRI VHQVRU\LQIRUPDWLRQWRHVWLPDWH
HQYLURQPHQWDOSURSHUWLHV)RUH[DPSOHWKHH\HVDQGKDQGVERWKSURYLGH
UHOHYDQWLQIRUPDWLRQDERXWDQREMHFW·VVKDSH7KHH\HVHVWLPDWHVKDSHXVLQJ
ELQRFXODUGLVSDULW\SHUVSHFWLYHSURMHFWLRQHWF7KHKDQGVVXSSO\KDSWLF
VKDSHLQIRUPDWLRQE\PHDQVRI WDFWLOHDQGSURSULRFHSWLYHFXHV&RPELQLQJ
LQIRUPDWLRQDFURVVFXHVFDQLPSURYHHVWLPDWLRQRI REMHFWSURSHUWLHVEXW
PD\FRPHDWDFRVWORVVRI VLQJOHFXHLQIRUPDWLRQ:HUHSRUWWKDWVLQJOH
FXHLQIRUPDWLRQLVLQGHHGORVWZKHQFXHVIURPZLWKLQWKHVDPHVHQVRU\
PRGDOLW\GLVSDULW\DQGWH[WXUHJUDGLHQWVLQYLVLRQDUHFRPELQHGEXWQRW
ZKHQGLIIHUHQWPRGDOLWLHVYLVLRQDQGKDSWLFVDUHFRPELQHG+LOOLVHWDO
S
:HKDYHVHHQWKDW*UHJRU\HPSKDVLVHGWKHLPSRUWDQFHRI YROXQWDU\
PRWLRQWRJLYHPHDQLQJWRVHQVDWLRQ,QUHODWLRQWRWKLV0RIIHWWFLWHV+HQUL
3RLQFDUpIURPScience and Hypothesis, ZULWWHQLQ
«6LJKWDQGWRXFKFRXOGQRWKDYHJLYHQXVWKHLGHDRI VSDFHZLWKRXW
WKHKHOSRI WKH´PXVFXODUVHQVHµ1RWRQO\FRXOGWKLVFRQFHSWQRWEH
GHULYHGIURPDVLQJOHVHQVDWLRQRUHYHQIURPDVHULHVRI VHQVDWLRQVEXWD
PRWLRQOHVVEHLQJFRXOGQHYHUKDYHDFTXLUHGLWEHFDXVHQRWEHLQJDEOHWR
FRUUHFWE\KLVPRYHPHQWVWKHHIIHFWVRI WKHFKDQJHRI SRVLWLRQRI H[WHUQDO
REMHFWVKHZRXOGKDYHKDGQRUHDVRQWRGLVWLQJXLVKWKHPIURPFKDQJHVRI 
VWDWH1RUZRXOGKHKDYHEHHQDEOHWRDFTXLUHLWLI KLVPRYHPHQWVKDGQRW
EHHQYROXQWDU\RULI WKH\ZHUHXQDFFRPSDQLHGE\DQ\VHQVDWLRQVZKDWHYHU
0RIIHWWLQ.DQWURZLW]%UHZ	)DYDS
1RsHPSKDVL]HVWKHG\QDPLVPDQGYROLWLRQRI SHUFHSWLRQDVVRPHWKLQJZH
GRQRWVRPHWKLQJWKDWKDSSHQVWRXV7KHFUXFLDOSRLQWLVWKDWSHUFHLYHUV
DFWLYHO\FRQWUROZKDWWKH\SHUFHLYHE\XVLQJPRYHPHQW
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1RWH*DOOHVHVXJJHVWVWKDWWKLVSDUDGR[FDQEHVROYHGE\WDONLQJDERXW
PHDQLQJ²UHVSRQVHRI WKHQHXURQVFDQEHYLVXDOorPRWRUEHFDXVHWKH
UHVSRQVHLVGHSHQGHQWRQDVVRFLDWLRQV²HLWKHUYLVXDORUVHQVRU\LQIRUPDWLRQ
PD\WULJJHUHLWKHUDVSDWLDORUPRWRUPHPRU\7KLVPHDQVWKDWSRSXODWLRQ
RI QHXURQVFDQEHVWLPXODWHGE\HLWKHUDYLVXDORUPRWRUVWLPXOXV²
DQGLQWHUQDOO\RUH[WHUQDOO\E\DPHPRU\RUDQDFWXDOHYHQW¶,WLVRXU
VXJJHVWLRQWKDWDFWLRQLVRQHRI WKHIRXQGLQJSULQFLSOHVRI RXUNQRZOHGJH
RI WKHZRUOG·*DOOHVHHWDOS
380
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$SSHQGL[H6HOISRUWUDLWE\DXWKRU2FWREHU
